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Since Cadet de Gassicourt synthesized a mixture of cacodyl (As2(CH3)4) and 
cacodyl oxide ([As(CH3)2]2O) in 1760, Zeise obtained K[Pt(C2H4)Cl3]·H2O in 1827 and 
Frankland invented the term “organometallic” around 1849, the study of chemical 
compounds containing metal–carbon bonds has been deeply developed and it has 
converted in one of the most interesting and rapidly growing areas of chemical research. 
Organometallic reagents have taken the role of promoting key steps in the total 
synthesis of numerous molecules, many of which are biologically active, so 
organometallic chemistry has been focused on a more applied chemistry looking for a 
commercial viability. Thus, different processes have been developed or improved in this 
decade like the formation of o-xylene from octane using pincer-ligated iridium 
complexes with a high selective process;1 synthesis of amides through dehydrogenative 
coupling of amines and alcohols;2 CO2/propylene oxide copolymerization with 
extremely high activities using a specifically substituted cobalt salen complex;3 
oxidation of alcohols to carboxylic acids via a dehydrogenative pathway effected by 
water and base with hydrogen gas generation;4 a highly efficient Mo-catalysed Z-
selective olefin metathesis reaction which is used, for example, in synthesis of 
compounds implicated in biological processes;5 or the study of new catalysts for water-
oxidation which is crucial for maximizing the efficiency of the acquirement of a 
sustainable source of energy.6 
                                                            
1 Ahuja, R.; Punji, B.; Findlater, M.; Supplee, C.; Schinski, W.; Brookhart, M.; Goldman, A. S. Nat. 
Chem. 2011, 3, 167–171. 
2 Gnanaprakasam, B.; Milstein, D. J. Am. Chem. Soc. 2011, 133, 1682–1685. 
3 Jeon, J. Y.; Lee, J. J.; Varghese, J. K.; Na, S. J.; Sujith, S.; Go, M. J.; Lee, J.; Ok, M-A.; Lee, B. Y. 
Dalton Trans. 2013, 42, 9245–9254 and references within. 
4 Balaraman, E.; Khaskin, E.; Leitus, G.; Milstein, D. Nat. Chem. 2013, 5, 122–125. 
5 Meek, S. J.; O’Brien, R. V.; Llaveria, J.; Schrock, R. R.; Hoveyda, A. H. Nature 2011, 471, 461–466. 
6 See for example: (a) Hintermair, U.; Sheehan, S. W.; Parent, A. R.; Ess, D. H.; Richens, D. T.; Vaccaro, 
P. H.; Brudvig, G. W.; Crabtree, R. H. J. Am. Chem. Soc. 2013, 135, 10837–10851. (b) Codolà, Z.; 
Cardoso, J. M. S.; Royo, B.; Costas, M.; Lloret-Fillol, J. Chem. Eur. J. 2013, 19, 7203–7213. (c) Savini, 
A.; Bucci, A.; Bellachioma, G.; Rocchigiani, L.; Zuccaccia, C.; Llobet, A.; Macchioni, A. Eur. J. Inorg. 
Chem. doi: 10.1002/ejic.201300530. (d) Brewster, T. P.; Blakemore, J. D.; Schley, N. D.; Incarvito, C. 
D.; Hazari, N.; Brudvig, G. W.; Crabtree, R. H. Organometallics 2011, 30, 965–973. (e) Blakemore, J. 
D.; Schley, N. D.; Balcells, D.; Hull, J. F.; Olack, G. W.; Incarvito, C. D.; Eisenstein, O.; Brudvig, G. W.; 




Therefore, looking back on those examples of what organometallic chemistry can 
do, there are a lot of new opportunities and applications for compounds with metal–
carbon bonds in the future. 
1. Organotransition Metal Chemistry 
Organometallic chemistry covers a variety of chemical compounds and reactions, 
as for example compounds containing σ and π-bonds between metal and carbon atoms, 
cluster compounds with metal–metal bonds, molecules with unusual carbon fragments 
and reactions that can be similar or very different to the organic ones. 
Organometallic complexes can be divided in main group organometallic 
complexes and organotransition metal complexes. While the first ones are usually 
stoichiometric reagents in organic synthesis, as for example the diastereoselective 
addition of Grignard reagents to chiral trifluoromethyl N-tert-butanesulfinyl 
hemiaminals (eq 1),7 the organotransition metal complexes have a different impact in 
organic chemistry, being used as catalysts which not only improve selectivity in known 
reactions, but also providing new synthetic methods. Besides, they contribute to green 
chemistry avoiding the waste formation associated with main group reagents due to the 
catalysts are only needed in small quantities. An example of these environmental 
friendly processes is the addition of C–H bonds to C–X (X = N, O) multiple bonds via 
C–H activation catalysed by late transition metals such as rhodium, iridium, ruthenium 
or rhenium (eq 2).8 
 
                                                            
7 Grellepois, F.; Jamaa, A. B.; Gassama, A. Eur. J. Org. Chem. 2013, 6694–6701. 






The factors contributing to the use of organotransition metal complexes include: 
willingness to change the coordination number of the metal centre, lability of the 
transition metal–carbon σ-bond and a huge variety of arrangements of the coordination 
sphere around a transition metal. In contrast to main group elements, transition metals 
have, besides ns and np orbitals, the (n-1)d as regular valence orbitals. These partial 
occupied d orbitals give electron-donor and electron-acceptor properties to the metal 
centre. Moreover, the coordination of ligands such as carbonyls, carbenes or olefins 
allows a substantial variation of the metal–ligand bond order due to the σ-donor/π-
acceptor synergism. 
Therefore, an important part of organometallic chemistry is focused on picking 
suitable ligands and metal centres to obtain the desired properties. 
1.1 Metal Centre 
The choice of a particular transition metal in the preparation of organometallic 
complexes is important because this metal centre has a decisive effect on the properties, 
stability and applications of these complexes. 
In this work, iridium has been chosen as metal centre due to its position in the 
periodic table. As a late transition metal, back donation is not so marked as with the 
early transition metals, so unsaturated ligands can be attacked by nucleophiles, which is 
the basis for important applications in organic synthesis. Besides, as a third row metal, it 
reaches high oxidation states easily, which allows synthesizing stable complexes in 
different oxidation states. Thus, examples of complexes of Ir(I),9 Ir(II),10 Ir(III),6 
                                                            
9 See for example: (a) Gülcemal, S.; Gökçe, A. G.; Çentinkaya, B. Inorg. Chem. 2013, 52, 10601–10609. 
(b) Gloaguen, Y.; Jacobs, W.; de Bruin, B.; Lutz, M.; van der Vlugt, J. I. Inorg. Chem. 2013, 52, 1682–
1684. (c) Campos, J.; Peloso, R.; Brookhart, M.; Carmona, E. Organometallics 2013, 32, 3423–3426. (d) 
Esteruelas, M. A.; Fernández-Álvarez, F. J.; López, A. M.; Oñate, E.; Ruiz-Sánchez, P. Organometallics 





Ir(IV)6d,11 and Ir(V)9d, 12 are known. Although iridium chemistry cannot compare with 
the importance assumed by its light congener, rhodium, the study of iridium complexes 
have grown in last years, and it seems that in non phosphane-based transfer 
hydrogenation catalysts, iridium has better results13 than rhodium. This iridium 
preference has been also showed in a recent study of biological activity.14 
1.2 Ligands 
Ligands can be classified as actor and spectator ligands. While actor ligands 
dissociate or undergo some chemical conversion, spectator ligands remain unchanged 
during chemical transformations. Thus, the role of spectator ligands is prevent loss of 
the metal, confer solubility in organic solvents, influence the electronic and steric 
properties of the complex, and, sometimes, occupy certain sites to leave specific set of 
available sites for the actor ligands so the desired chemistry can occur. Nevertheless, a 
ligand can be an actor or a spectator ligand depending on the reaction conditions, as for 




10 (a) Yang, W.; Zhang, S.; Ding, Y.; Shi, L.; Song, Q. Chem. Commun. 2011, 47, 5310–5312. (b) 
Hetterscheid, D. G. H.; Kaiser, J.; Reijerse, E.; Peters, T. P. J.; Thewissen, S.; Blok, A. N. J.; Smits, J. M. 
M.; de Gelder, R.; de Bruin, B. J. Am. Chem. Soc. 2005, 127, 1895–1905. 
11 (a) Graeupner, J.; Brewster, T. P.; Blakemore, J. D.; Schley, N. D.; Thomsen, J. M.; Brudvig, G. W.; 
Hazari, N.; Crabtree, R. H. Organometallics 2012, 31, 7158–7164. (b) Ip, H-F.; So, Y-M.; Lee, H. K.; 
Williams, I. D.; Leung, W-H. Eur. J. Inorg. Chem. 2012, 3289–3295. (c) Rohde, J-U.; Lee, W. T. J. Am. 
Chem. Soc. 2009, 131, 9162–9163. 
12 (a) Park, S.; Brookhart, M. J. Am. Chem. Soc. 2012, 134, 640–653. (b) Fortner, K. C.; Laitar, D. S.; 
Muldoon, J.; Pu, L.; Braund-Sand, S. B.; Wiest, O.; Brown, S. N. J. Am. Chem. Soc. 2007, 129, 588–600.  
13 (a) Jiménez, M. V.; Fernández-Tornos, J.; Pérez-Torrente, J. J.; Modrego, F. J.; Winterle, S.; 
Cunchillos, C.; Lahoz, F. J.; Oro, L. A. Organometallics 2011, 30, 5493–5508. (b) Binobaid, A.; Iglesias, 
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1.2.1 Phosphane Ligands 
Phosphanes, PR3, are usually spectator ligands with an important role in 
organometallic complexes due to their ability to change electronic and steric properties 
of complexes by varying the R substituents. 
Therefore, the nature of R groups determines the relative donor/acceptor ability of 
the phosphanes which, in general, are σ-donors and π-acceptors. The π-acceptor power 
together with its intermediate hardness, allow them to stabilize a broad range of 
oxidation states of the metal centre and, consequently, the ability to promote catalytic 
reactions. Thus, for example, in the hydrogenation reaction of 
[Mo(CO)(PR2CH2CH2PR2)2] (R = Ph, Et or tBu) as the π-acidity of the phosphane 
ligand increases (R = Ph), the easiness of the backbonding interaction from the metal 
increases allowing the stabilization of a dihydrogen ligand instead of undergo an 
oxidative addition and the formation of a dihydride complex (Scheme 2). 







On the other hand, steric effects were quantified by Tolman16 with the measure of 
the cone angle, θ (Figure 1), which rationalizes the dissociation of ligands in a wide 
variety of complexes. For example, the rate of the decarbonylation reaction of 
[MoCp(C(O)CH3)(CO)2(PR3)] depends markedly on the nature of R, obtaining lower 
rate constants as the cone angle decreases.17 
 
Figure 1. General method of measuring cone angles. 
This work is mainly focused on two phosphanes: diphenylmethylphosphane 
(PPh2Me) and trimethylphosphane (PMe3) which have an 18º degrees variation in their 
cone angles (118º for PMe3 and 136º for PPh2Me) and small differences in electronic 
properties being the PMe3 more basic than PPh2Me. 
1.2.2 Cyclopentadienyl Ligands 
Complexes with cyclopentadienyl ligands (C5R5) are classified as metallocenes, 
bent metallocenes or half-sandwich complexes (Figure 2). In metallocenes, C5R5 are 
usually actor ligands while in the other two types, C5R5 generally act as spectator 
ligands resisting nucleophilic and electrophilic attacks. 
C5R5 are strongly bonded to the metal centre thanks to a π interaction. C5R5 may 
also bond to the metal centre in different ways, as η1-, η3- and η5- modes, being the η5-
bonding mode the most common. In fact, the ring-slippage from η5- to η3- or to η1- 
bonding modes can help to obtain stable complexes, reaction intermediates and also 
creating a coordinative vacant site. 
                                                            
16 Tolman, C. A. Chem. Rev. 1977, 77, 313–348. 










Figure 2. Cyclopentadienyl complexes. 
In this work, the C5R5 ligand used is the 1,2,3,4,5-pentamethylcyclopentadienyl 
ligand (Cp*) displaying a half-sandwich structure in the organometallic complexes. In 
this kind of complexes, Cp* occupies three adjacent coordination sites allowing 
coupling reactions between the other ligands of the complex. In contrast to Cp, Cp* is 
more electron releasing and bulkier. It stabilizes a wide range of organometallic 
complexes by introducing steric hindrance than Cp itself. The Cp and, especially, the 
Cp* ligands are very effective at stabilizing high oxidation states, as for example in 
[IrVCp*Me4]. Besides, Cp* derivatives are often more soluble than Cp compounds. An 
example of how these properties influence on reactivity, is the α elimination in 
[Ta(CH2Ph)3Cl2], in which requirement of a crowded molecule leads to 
[TaCp*(CH2Ph)Cl{=CHPh}] when a bulky group as Cp* is used or 
[TaCp2(CH2Ph){=CHPh}] when Cp is the C5R5 ligand chosen. 
Nevertheless, under oxidative conditions Cp* undergoes a slow oxidative 
degradation6c acting as a placeholder ligand, which allows the isolation of stable 
precatalysts for both water and CH-oxidation catalysis while easily generates the 








1.2.3 Hydride Ligands 
Hydride ligands can be considered as actor ligands because metal hydrides can 
undergo insertion with a variety of unsaturated compounds like olefins or alkynes to 
give stable species or reaction intermediates containing M–C bonds. The presence of 
extra hydride ligands bonded to the metal centre may favour the addition of more 
unsaturated organic substrates into the M–H bond. 
The protonation of a monohydride complex leads to di- or polyhydride complexes 
which, depending on the nature of their M–H bond, can be classified as classical 
(hydride complexes) or non-classical hydrides (dihydrogen complexes) (Figure 3). In 
order to elucidate its nature, it is useful to measure the proton spin lattice relaxation 
time, T1, of the proton nuclei in the complex. The T1 refers to the phenomenon that one 
proton moderates the rate at which a nearby proton relaxes in the NMR experiment 
being related to the inverse of the sixth power of the H–H distance.18 Thus, the 
minimum T1 for a non-classical hydride complex should have lower values than 80 ms 
for 250 MHz and more than 150 ms for classical hydrides;19 being this value directly 
proportional to the resonance frequency of the instrument in accordance with the 
equation [T1(min)]–1 = γ2/ωo[ܤ௫௅଴ ]2, where ωo represents the resonance frequency of the 
instrument, γ the gyromagnetic ratio and B0 the magnetic field strengh.20 However, the 
scale is not always direct as happens in the non-classical dihydride ReCl(H2)(PMePh2)4, 
where the T1(min) has values of 25 ms and 92 ms at 200 MHz and 400 MHz, 
respectively.21 This apparent lack of scale may be explained by the contribution of the 
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20 Harris, R. K. Nuclear Magnetic Resonance Spectroscopy; Pitman: Boston, 1983; p 87. 
21 Cotton, F. A.; Luck, R. L. Inorg. Chem. 1991, 30, 767–774. 








Figure 3. A classical hydride (A) and a non-classical hydride (B). 
The dihydrogen ligand (Figure 3, B) may favour the coordination of organic 
molecules due to its easiness to lose the molecular hydrogen which is the most weakly 
bonding ligand for a given complex. Dihydrogen ligands not only create free 
coordination sites through H2 decoordination, but also they can trap a ligand by 
intramolecular protonation and they are able to transfer a proton to a substrate leaving a 
hydride ligand on the metal. 
Polyhydride and dihydrogen complexes can present a phenomenon called 
quantum mechanical exchange coupling whose origin involves the following:23 
I) The presence of a soft vibration in the polyhydride complex that 
combines in-plane and out-of-plane MH2 bending which facilitates the approach 
of the two hydrogens.  
II) The presence of a chemical path initiated by the previous vibration and 
allowing exchange of the two hydrogens through approach up to a distance which 
varies according to the complex but is shorter than the sum of the van der Waals 
radii. In some cases it is clear that a coordinated dihydrogen ligand is involved; in 
some others (Ir, Os), it is less clear although short H–H contacts have been 
calculated. 
III) The barrier to this chemical (classical) exchange must be found between 
35 and 70 kJ/mol in order to be observable by 1H NMR.  
IV) A rotational tunnelling through this barrier. This tunnelling process is 
similar to that observed by inelastic neutron scattering and can be considered as a 
transition between coordinated ortho and para-hydrogen. 
                                                            




Although hydride ligands do not form a M–C bond, hydride complexes are 
considered as organometallic complexes due to the important role that the M–H bond 
plays not only in many catalytic reactions, which involve hydride insertion as the key 
step,24 but also in stoichiometric reactions leading to a broad range of organometallic 
complexes like carbenes,25 vinylidenes,26 azavinylidenes,27 allenylidenes28 or 
carbynes26a,29 among others.30 All of this facilitates different kinds of coupling reactions 
and the generation of organic fragments with a very rich chemistry. 
1.2.4 Carbene Ligands 
Transition metal complexes containing a metal–carbon double bond (Figure 4) are 
extremely important tools in organometallic and organic chemistry, because they 
represent real catalysts or reaction intermediates in a huge number of valuable processes 
including C–C and C–heteroatom coupling reactions.31 
                                                            
24 (a) Chaloner, P. A.; Esteruelas, M. A.; Joó, F.; Oro, L. A. Homogeneous Hydrogenation; Kluwer 
Academic Publishers: Dordrecht, The Netherlands, 1994. (b) Boone, C.; Korobkov, I.; Nikonov, G. I. 
ACS Catal. 2013, 3, 2336–2340. (c) Koreeda, T.; Kochi, T.; Kakiuchi, F. J. Organomet. Chem. 2013, 
741–742, 148–152. (d) Sakamoto, M.; Ohki, Y.; Kehr, G.; Erker, G.; Tatsumi, K. J. Organomet. Chem. 
2009, 694, 2820–2824. (e) Gabrielsson, A.; van Leeuwen, P.; Kaim, W. Chem. Commun. 2006, 4926–
4927. 
25 (a) Bolaño, T.; Castarlenas, R.; Esteruelas, M. A.; Oñate, E Organometallics 2007, 26, 2037–2041. (b) 
Bolaño, T.; Castarlenas, R.; Esteruelas, M. A.; Modrego, F. J.; Oñate, E. J. Am. Chem. Soc. 2005, 127, 
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26 (a) Collado, A.; Esteruelas, M. A.; López, F.; Mascareñas, J. L.; Oñate, E.; Trillo, B. Organometallics 
2010, 29, 4966–4974. (b) Baya, M.; Crochet, P.; Esteruelas M. A.; López, A. M.; Modrego, J.; Oñate, E. 
Organometallics 2001, 20, 4291–4294. (c) Esteruelas, M. A.; Oliván, M.; Oñate, E.; Ruiz, N.; Tajada, M. 
A. Organometallics 1999, 19, 2953–2960. (d) Bianchini, C.; Marchi, A.; Marvelli, L.; Peruzzini, M.; 
Romerosa, A.; Rossi, R.; Vacca, A. Organometallics 1995, 14, 3203–3215. 
27 (a) Castarlenas, R.; Esteruelas, M. A.; Oñate, E. Organometallics 2000, 19, 5454–5463. (b) 
Castarlenas, R.; Esteruelas, M. A.; Gutiérrez-Puebla, E.; Jean, Y.; Lledós, A.; Martín, M.; Oñate, E.; 
Tomàs, J. Organometallics 2000, 19, 3100–3108. 
28 Baya, M.; Crochet, P.; Esteruelas, M. A.; Gutiérrez-Puebla, E.; López, A. M.; Modrego, J.; Oñate, E.; 
Vela, N. Organometallics 2000, 19, 2585–2596. 
29 Castarlenas, R.; Esteruelas, M. A.; Oñate, E. Organometallics 2001, 20, 3283–3292. 
30 (a) Baya, M.; Esteruelas, M. A.; Oñate, E. Organometallics 2010, 29, 6298–6307. (b) Esteruelas, M. 
A.; Hernández, Y. A.; López, A. M.; Oñate, E. Organometallics 2007, 26, 6009–6013. (c) Esteruelas, M. 
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Figure 4. Organometallic complexes with metal–carbon double bond. 
Carbene complexes have been traditionally divided in electrophiles or Fischer-
type carbenes and nucleophiles or Schrock-type carbenes depending on the nature of the 
carbenic carbon atom.32  
 
Figure 5. Representation of Fischer-type and Schrock-type carbenes. 
Fischer-type metalcarbene complexes have in their structure a transition metal, 
usually from 6 to 8 groups in a low oxidation state, bonded to the carbenic atom and 
stabilized with strong acceptor ligands like carbonyl groups. These carbenes are in a 
singlet electronic spin state, they are σ donors through the sp2 hybrid orbital and they 
receive (d)-backbonding from the metal to the empty C(pz) (Figure 5). 
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The presence of an heteroatomic substituent in the carbenic carbon atom (usual in 
these complexes) allows the interaction between one of the lone electron pairs and the 
empty orbital of the carbene which does not favour backbonding. This fact (favoured for 
the presence of acceptor coligands) weakens the M–C double bond; however, the bond 
between the heteroatom and the carbenic carbon is stronger, making this carbon atom a 
good electrophile in which nucleophile attacks will be facilitated. 
On the other hand, Schrock-type metalcarbene complexes usually have in their 
structure transition metal of lower groups than Fischer-type carbenes and they are in a 
high oxidation state with donor ligands like alkyl or cyclopentadienyl groups. These 
carbenes are in a triplet state with the spins coupled to two electrons of the metal 
centre33 (Figure 5). 
However, this classification is very restrictive due to the presence of some 
ambiphilic complexes31c,34 and the inconsistencies when metal fragment has 
characteristics of one type combined with the carbene fragment of the other, as for 
example in [ReCp{=CHCH2CH2C(CH3)3}(CO)2].34b 
2. Objectives 
The primary objective of this work is the functionalization of organic molecules 
with iridium complexes. 
In order to achieve this goal, different compounds with IrCp* moiety such as 
chloro-, hydrido- or solvate complexes were synthesized for their use as starting 
material. An usual problem in the coordination of different organic molecules to these 
precursors is the wide variety of products that can be obtained. Thus, partial objectives 
are: first, to know the experimental conditions in the obtaining of a particular product 
(as for example allenylidenes or (methoxy)alkenylcarbenes), second, how to control the 
                                                            
33 (a) Vyboishchikov, S. F.; Frenking, G. Chem. Eur. J. 1998, 4, 1428–1438. (b) Marynick, D. S.; 
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Soc. 1984, 106, 1576–1584. 
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5751. (b) Casey, C. P.; Vosejpka, P. C.; Askham, F. R. J. Am. Chem. Soc. 1990, 112, 3713–3715. (c) 




introduction of organic molecules in the coordination sphere in a selective way and, 
finally, to study the new organometallic complexes in C–C and C–heteroatom coupling 
reactions. 
Therefore, it is necessary to study the reactions by different techniques, as for 
example nuclear magnetic resonance, in order to identify intermediates and characterize 
all the products, and by theoretical calculations to explain the behaviour observed 
experimentally. 
3. Summary 
This memory consists of five chapters; each of them includes a short introduction, 
a discussion and partial conclusions. 
In Chapter 1 it is presented the synthesis and characterization of a new set of 
hydride complexes. Protonation reactions were realized to these hydrides and a study of 
their nature was also done. These hydrides do not show reactivity with organic 
molecules which suggests the search of another kind of precursor. 
Thus, in Chapter 2 an (acetonitrile)iridium complex was used as starting material 
(due to the lability of the solvate ligand allowing the creation of a new coordination 
vacant site) for the synthesis of the (methoxy)alkenylcarbeneiridium complex 
[IrCp*Cl{=C(OMe)CHCPh2}(PPh2Me)]PF6. Furthermore, in this chapter experimental 
and theoretical studies of the reactivity of this complex with different amines are 
described. 
Keeping on the study of the reactivity of the (methoxy)alkenylcarbeneiridium 
complex, Chapter 3 is focused on the synthesis of the iridanaphthalene complexes 
[IrCp*{=C(OMe)CH=CPh(o–C6H4)}(L)]PF6 (L = PPh2Me, PMe3) through an 
intramolecular C–H activation of one of the phenyl rings of the alkenylcarbene ligand. 
Besides, it is shown the evolution of these complexes into 3-phenylindan-1-one via an 
indenyl intermediate. 
In the following chapters it is deeply studied the cyclometalation reaction of 




how (methoxy)alkenylcarbene complexes undergo an intramolecular C–H activation of 
one of the R substituents of the alkenyl fragment leading to iridacyclopentadienes.  
On the other hand, Chapter 5 is focused on the formation of a set of 
iridanaphthalene complexes with different substituents in the phenyl rings of the 
carbene ligand and their influence in the stability of them. 
In General Conclusions it is shown the most relevant results of this work. 
Finally, details of each technique used and the preparation and characterization of 
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Interest in the chemistry of hydrido transition metal complexes is increasing in 
inorganic, biochemical and organometallic research owing to their reactivity and 
applications in areas such as catalysis and materials science, amongst others.35 
The reactivity of these compounds is highly dependent on the metal atom and the 
coligands that complete the coordination sphere of the metal. Appropriate design of this 
environment allows tuning both steric and electronic properties of the resulting 
compound. The presence of a Cp* ligand on di– and polyhydride complexes will force 
hydride ligands to be in close contact, favouring their interaction and the possibility to 
be eliminated as H2 and creating a free coordination site which is very important in 
metal catalysis.36 On the other hand, di– and polyhydride complexes can display 
exchange couplings which, besides relevant theoretical aspects,37 may present 
applications as sensors of very weak interactions in solution or as temperature probes in 
NMR.23 
In this chapter, it is described the synthesis and characterization of new half-
sandwich iridium hydride complexes with diphenylmethylphosphane (PPh2Me) or, the 
water-soluble phosphane, 1,3,5-triaza-7-phosphaadamantane (PTA) and their 
protonation studies. Attempts to characterize an unexpected carbonyl subproduct 
obtained in the synthesis of the dihydride [Ir Cp*(H)2(PPh2Me)] (1) led to the obtaining 
of a new half-sandwich iridium carbonyl compound [IrCp*Cl(CO)(PPh2Me)]Cl (3). 
1.2 Synthesis and Characterization of the Dihydride Complexes [Ir 
Cp*(H)2(L)], L = PPh2Me (1), PTA (2) 
In organometallic chemistry there are different methods to synthesize transition 
metal hydride complexes. In this case, [IrCp*Cl2(PPh2Me)]38 and [IrCp*Cl2(PTA)]39 
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have been used as precursors of the dihydride complexes [IrCp*(H)2(PPh2Me)] (1) and 
[IrCp*(H)2(PTA)] (2), respectively, by two different ways:  
1) Reaction of toluene solutions of the chlorocomplexes with an excess of sodium 
bis(2-methoxyethoxy)aluminium hydride (Red‐Al) (eq 3). 
 
2) Reaction of methanol solutions of the same chlorocomplexes with NaOMe 
through a metathesis reaction of the iridium chlorides (eq 4).40 
 
The second method gives better yields for complex 2, however, in the case of 
complex 1, the reaction of [IrCp*Cl2(PPh2Me)] with NaOMe gives, besides to the 
dihydride compound 1 a non‐identified subproduct, that was detected by NMR and IR 
spectroscopies, but it was not possible to isolate it because it easily decomposes during 
the workup of the mixture. It must be mentioned that the dihydride [IrCp*(H)2(PTA)] 
(2) was serendipitously obtained by Erlandsson et al. when [IrCp*Cl2(PTA)] was tested 
as catalyst precursor for the reduction of hydrogen carbonate under H2 at high pressure, 
but it was not isolated and only 31P {1H} NMR and high field 1H NMR data were 
provided.39 
Compounds 1 and 2 were isolated as brown solids and are air-unstable, but both 
show a somewhat unexpected chemical inertness. Although addition of M–H bonds of 
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transition metal hydrides to unsaturated organic molecules is a well-known process, 
complexes 1 and 2 did not react at all when they are refluxed in toluene for several days 
with 1-phenylacetylene.  
Compounds 1 and 2 were fully characterized by IR and NMR spectroscopies. The 
IR spectrum shows medium absorptions at 2109 and 1922 cm–1 for compound 1, and 
strong absorptions at 2095 and 1896 cm−1 for compound 2, attributable to the ν(Ir–H) 
vibrations.41 The 1H NMR spectrum shows a high field doublet at –17.83 ppm for 1, and 
at –17.91 ppm for 2, with a H–P coupling constant of 31.4 Hz and 32.5 Hz, 
respectively. Each doublet integrates by two protons suggesting the presence of two 
hydride ligands coupled to the phosphorus nucleus of the phosphane ligand. 
However, to confirm this hypothesis and to rule out other possibilities, such as a 
dynamic cis dihydride or a dihydrogen complex, a variable temperature at 400 MHz 
study was carried out. The relaxation time, T1, of the hydride resonance in complexes 1 
and 2 was measured as a function of temperature using a standard inversion recovery 
sequence. The T1(min) of 459 ms at 200 K for compound 1 and of 647 ms at 209 K for 
compound 2 (both measured at 400 MHz) was estimated by plotting lnT1 vs 1000/T. 
Dihydrides and dihydrogen complexes can be distinguished by their T1(min) value by 
following the method of Halpern and co‐workers.19,22 The T1(min) values calculated for 
compounds 1 and 2 clearly indicate their nature as classical dihydride complexes. 
The 31P{1H} NMR spectrum of the complexes shows a singlet at –5.6 ppm for 
compound 1 and at –68.3 ppm for compound 2. The 13C{1H} NMR spectrum displays, 
besides the signals correspondent to the R groups of the phosphane ligand, signals at 
10.9 (s) and 92.3 (d, 2JCP = 3.0 Hz) ppm for 1 and at 11.9 (s) and 92.3 (s) ppm for 2 
assigned to the Cp* ligand. 
                                                            
41 (a) Salomon, M. A.; Braun, T.; Krossing, I. Dalton Trans. 2008, 5197–5206. (b) Isobe, K.; Bailey, P. 




As it was previously mentioned, reaction of [IrCp*Cl2(PPh2Me)] with NaOMe 
gives, besides to the dihydride compound 1, a non‐identified subproduct detected by 
NMR and IR spectroscopies. Figures 6 and 7 show the 31P{1H} and 1H NMR spectra of 
the mixture. It is remarkable the high similarity among the signals of both compounds, 
except for the low frequency part of the 1H NMR spectrum, in which only the signal 
corresponding to the hydride nuclei of compound 1 is observed, indicating that the 
subproduct is not a hydride complex. Furthermore, the IR spectrum of the mixture 
shows a strong absorption at 1909 cm−1 and its 13C{1H} NMR spectrum displays a 
doublet at 182.7 ppm with a C–P coupling constant of 15.5 Hz. These facts indicate the 
presence of an iridium complex with, at least, CO, Cp* and PPh2Me ligands on its 
structure. It is not unusual that methanol (employed here as solvent) produces 
carbonylation of hydride complexes. On the other hand, formation of methoxide species 
such as [IrCp*(OMe)2(PPh2Me)] or [IrCp*Cl(OMe)(PPh2Me)], can be ruled out 
because there are no signals in the 1H and 13C{1H} NMR spectra of the mixture 
compatible with the presence of the OCH3 group. 
Figure 6. 31P{1H}NMR spectrum (in CD2Cl2) of the mixture of compound 1 and the unknown 





Figure 7. 1H NMR spectrum (in CD2Cl2) of the mixture of compound 1 and the unknown 
subproduct (*) [ 1.85 (d, 4JHP = 1.4 Hz, Cp*), 2.14 (d, 2JHP = 9.3 Hz, PPh2CH3), 7.25–7.42 (m, 
6H, PPh2CH3), 7.46–7.59 (m, 4H, PPh2CH3) ppm] obtained by reaction of [IrCp*Cl2(PPh2Me)] 
with NaOMe. 
Bibliographic data42 allow to exclude the monocarbonylcompound 
[IrCp*(CO)(PPh2Me)] [1H (CD2Cl2):  7.6 (m, 10 H, C6H5), 1.82 (d, JHP = 1.5 Hz, 15 H, 
Cp*) ppm; 31P{1H} (CDCl3):  = 25.2 (s) ppm], so the synthesis of the unknown 
carbonyl compound was intended by different strategies. First, a methanolic solution of 
the dihydride compound 1 was refluxed to produce the expected carbonylation reaction. 
Unfortunately, an unidentified mixture of compounds was obtained, but none of the 
signals observed in the 31P{1H} NMR spectrum were coincident with that observed for 
the aforementioned subproduct. In a second attempt, a methanolic solution of the 
chlorocomplex [IrCp*Cl2(PPh2Me)] was reacted with CO(g) at 348 K under pressure, 
obtaining the Ir(III) carbonyl compound [IrCp*Cl(CO)(PPh2Me)]Cl (3) but its 
spectroscopic parameters were not coincident with those of the subproduct either. To 
gather more experimental evidences about the nature of this compound, a solution of the 
mixture of the dihydride compound 1 and the unknown subproduct was treated with 
NaBPh4 and also with NaPF6, to see if the substitution of the counteranion helps the 
                                                            






precipitation of the compound. This treatment was carried out in different solvents as 
MeOH or CH2Cl2 with similar results, which indicates that the solvent does not play any 
important role in the mixture behaviour. Results were somewhat unexpected: there is no 
precipitation in any case but, when these reactions were monitored by NMR 
spectroscopy, in all cases, the progressive disappearance of the mixture 1H and 31P{1H} 
NMR signals and the raising of new signals corresponding to the cationic hydride 
carbonyl compound [IrCp*(H)(CO)(PPh2Me)]+ was observed. This complex was 
already reported in the literature although with a different counteranion (CF3COO−).42 
All these results do not allow to undoubtedly propose the structure of the unknown 
compound but it can be assured the presence of CO, Cp* and PPh2Me ligands bonded to 
the iridium centre. 
1.3 Synthesis and Characterization of the Carbonyl Complex 
[IrCp*Cl(CO)(PPh2Me)]Cl (3) 
As it was previously mentioned, compound [IrCp*Cl(CO)(PPh2Me)]Cl (3) was 
prepared by treating a methanolic solution of the chlorocomplex [IrCp*Cl2(PPh2Me)] 
with CO(g) at 348 K under pressure (eq 5). A yellow solid was obtained and 
characterized by IR and NMR spectroscopies. The IR spectrum shows a strong band at 
2042 cm–1 attributable to the ν(C≡O) band. The 31P{1H} NMR spectrum displays a singlet 
at –12.3 ppm corresponding to the phosphorus nucleus of the phosphane ligand and the 
13C{1H} NMR spectrum shows, apart from the signals corresponding to the Cp* and 
PPh2Me ligands, a low field doublet at 166.1 ppm with a C–P coupling constant of 14.3 
Hz assignable to the carbonyl ligand. 
 
Treating a methanol solution of this complex with NaBPh4 yielded yellow 






An ORTEP view of this complex drawn at 30% probability level is shown in 
Figure 8, while selected bond distances and angles are listed in Table 1. The structure of 
the complex consists of a tetraphenyl borate anion (not represented in the figure) and a 
cation formed by an iridium atom 5-coordinated to a Cp* ligand, and to three 
monodentate ligands leading to the formation of a "three-legged piano stool" structure. 
These ligands are a chloride ligand, a carbonyl ligand and a diphenylmethylphosphane 
ligand. The geometry of the complex is pseudooctahedral and is marked by near 90° 
values for the angles C(0)–Ir–P(1), C(0)–Ir–Cl(1) and P(1)–Ir–Cl(1), less than 1° far 
from the regularity. 
 
Figure 8. Cation [IrCp*Cl(PPh2Me)(CO)]+ (3). 
Table 1. Selected Bond Lengths (Å) and Angles (deg) for 3·BPh4. 
Ir–C(0) 1.886(12) Ir–P(1) 2.334(2) 
Ir–Cl(1) 2.383(3) Ir–CT 1.8814(4) 
Ir–C(1) 2.197(8) Ir–C(2) 2.234(9) 
Ir–C(3) 2.237(9) Ir–C(4) 2.261(9) 
Ir–C(5) 2.268(9)   
CT–Ir–C(0) 126.6(3) CT–Ir–P(1) 127.95(6) 
CT–Ir–Cl(1) 121.51(7) C(0)–Ir–P(1) 89.2(3) 
C(0)–Ir–Cl(1) 90.1(3) P(1)–Ir–Cl(1) 90.17(9) 




The centroid of Cp* ligand is situated at 1.8814(4) Å from the iridium atom, and 
the average Ir–C bond distances for the Cp* ligand is 2.2403(9) Å, being both values 
similar to those found in the literature.43  
The Ir–C(0) and Ir–Cl bond lengths (1.89(2) Å and 2.383(3) Å, respectively) are 
in good agreement with the scarce values found in the literature for structures based on 
the {IrCp*Cl(CO)} fragment.44 Less data were found containing the {IrCp*(PPh2Me)} 
fragment, but the Ir–P bond length (2.334(2) Å), compares well with that found in the 
cation [IrCp*(mesityl)(CO)(PMe3)]+.43b The disposition of the phosphane ligand is in 
such a way that the methyl group is situated pseudo-trans to the chlorine ligand, perhaps 
due to the steric hindrance of the Cp* ligand. 
1.4 Protonation Studies of Dihydride Complexes 1 and 2 
With the aim of obtaining dihydrogen compounds by protonation of the dihydride 
complexes 1 and 2, a diethyl ether solution of the dihydrides was treated with slight 
excess of HBF4·Et2O. The reaction was carried out at low temperature due to the low 
thermal stability of most of the dihydrogen complexes.45 Reaction of the dihydride 2 
yielded a brown solid insoluble in the common solvents, that cannot be identified. 
Although the first equivalent of acid added to a complex bearing PTA ligands usually 
goes to one of the PTA nitrogen atoms (this fact is easily confirmed by the 1H NMR 
spectrum because it is reflected in a more complicated pattern of the signals 
corresponding to the PTA methylene protons), in this case, the addition of two 
equivalents of acid to complex 2 also gave a solid residue. The 31P{1H} NMR spectrum 




43 (a) Kumar, P.; Yadav, M.; Singh, A. K.; Pandey, D. S. Eur. J. Inorg. Chem. 2010, 704–715. (b) 
Alaimo, P. J.; Arndtsen, B. A.; Bergman, R. G. Organometallics 2000, 19, 2130–2143. (c) Monti, D.; 
Frachey, G.; Bassetti, M.; Haynes, A.; Sunley, G. J.; Maitlis, P. M.; Cantoni, A.; Bocelli, G. Inorg. Chim. 
Acta 1995, 240, 485–493. 
44 Hammons, C.; Wang, X.; Nesterov, V.; Richmond, M.G. J. Chem. Cryst. 2010, 40, 453–460. 




In the case of compound 1, the protonation reaction gave the trihydride complex 
[IrCp*H3(PPh2Me)]BF4 (4) as a brown solid that immediately precipitated. This 
reaction can be reverted by adding Et3N (eq 6). 
 
The spectral parameters of complex 4 show that the protonation site is the metal 
centre and not a hydride ligand. The IR spectrum shows medium absorptions at 2143 
and 2101 cm–1 attributable to the ν(Ir–H) vibrations. The 1H NMR spectrum of the 
complex 4 displays a doublet resonance at –13.01 ppm, integrating by three protons 
with a H–P coupling constant of 9.2 Hz. The 31P{1H} NMR spectrum shows a singlet at 
–8.3 ppm, corresponding to the phosphorous nucleus of the phosphane ligand. A 
variable temperature 1H NMR study shows that the spectra are temperature dependent. 
The presence of a single resonance at 298 K that progressively converts into two signals 
consistent with a A2BX spin system (X = 31P) agrees with the presence of a thermally 
activated exchange process which renders the three hydrides equivalent, at the NMR 
time scale, at room temperature. This behaviour was already observed for other four-
legged piano stool iridium trihydrides.46 Figure 9 shows the 31P decoupled 1H NMR 
spectra of the hydride region of compound 4 at different temperatures. At 298 K, the 
spectrum shows a singlet that broadens when the temperature of the sample is lowered. 
At 238 K, decoalescence occurs and, at 218 K, a well resolved A2B spin system is 
observed. Line-shape analysis performed using gNMR software, allowed to establish 
that this system is defined by chemical shifts of δA = –13.6 and δB = –12.3 ppm and a 
coupling constant JAB = 173.5 Hz. 
When the temperature is further lowered from 218 to 178 K, the values of the 
chemical shifts do not change significantly but the value of JAB decreases from 173.5 
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Hz at 218 K to 81.7 Hz at 178 K. The high value of JAB and its variation with the 
temperature indicates that this compound displays quantum mechanical exchange 
coupling between HA and HB.23 
Figure 9. 1H{31P} NMR spectra (400 MHz) in CD2Cl2 at various temperatures in the hydride 
region of [IrCp*H3(PPh2Me)]BF4 (4). 
The T1 values of the hydrogen nuclei of the IrH3 unit of 4 were determined over 
the temperature range 298–178 K. T1(min) values of 137 ms for HA, and 151 ms for HB 
were obtained at 204 K and 206 K (at 400 MHz), respectively, supporting the classical 
trihydride character of 4. 
Trihydride complex 4 did not react with 1‐phenylacetylene, and reaction with 
1,1‐diphenyl‐2‐propyn‐1‐ol gave a mixture of unidentified products. With the aim to 
obtain a dihydrogen complex, complex 4 has been also treated with HBF4·Et2O, but 




























The synthesis of half-sandwich dihydride complexes of iridium(III) containing P-
donor ligands such as PPh2Me and PTA has been achieved using [IrCp*Cl2(L)] (L = 
PPh2Me, PTA) as precursors. Protonation of [IrCp*(H)2(PPh2Me)] (1) with HBF4·Et2O 
does not give an η2-H2 complex but proceeds with the formation of the classical 
trihydride [IrCp*H3(PPh2Me)]BF4 (4) which displays quantum mechanical exchange 






























Nucleophilic Attack in Methoxycarbenes: 
Heterolytic Cleavage of the Carbon (sp3)–Oxygen 













The reactivity of alkoxycarbenes is well-known,47 especially with metals of 
groups 6–8. Figure 10 shows the most common reactivity of these compounds: 
Figure 10. Reactivity pattern of Fischer-type alkoxycarbenes. 
Alkoxycarbene complexes undergo a nucleophilic attack at the carbene carbon48 to 
form other carbene complexes. A well-known example of this behaviour is the 
aminolysis of alkoxycarbenes by amines.48,49 This reaction can be envisioned as a Lewis 
acid–base reaction, in which the carbene carbon atom is the Lewis acid, the electron-
pair acceptor, and the amine is the Lewis base, electron-pair donor. In this process, 
primary or secondary amines attack the carbenic carbon and the proton of the amine 
leads to the displacement of the alkoxy group as an alcohol. Another example of 
nucleophilic attack in alkoxycarbene complexes is the heterolytic cleavage of the carbon 
(sp3)–oxygen bond. Thus, this occurs when the nucleophiles are metal carbon anions,50 
when the nucleophiles are strong (for example I–),51 or when the cationic alkoxycarbene 
has -acceptor ligands in the first coordination sphere (for example, CO and 
P(OMe)3).51c,52 However, as far as we know, there are only two examples where 
                                                            
47 Dötz, K. H.; Stendel, J. Jr. Chem. Rev. 2009, 109, 3227–3274. 
48 Fischer, H. Mechanistic Aspects of Carbene Complex Reactions in transition Metal carbene 
Complexes; Seyferth, D., Ed.; Verlag Chemie: Deerfield Beach, FL, 1983; pp 248–259. 
49 (a) Andrada, D. M.; Jiménez-Halla, J. O. C.; Sola, N. J. Org. Chem. 2010, 75, 5821–5836 and 
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1976, 98, 441–443. (e) Cardin, D. J.; Cetinkaya, B.; Lappert, M. F. Chem. Rev. 1972, 72, 545–574. 
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51 (a) Bodner, G. S.; Smith, D. E.; Hatton, W. G.; Heah, P. C.; Georgiou, S.; Rheingold, A. L.; Geib, S. J.; 
Hutchinson, J. Pl.; Gladysz. J. A. J. Am. Chem. Soc. 1987, 109, 7688–7705. (b) Cutler, A. R. J. Am. 
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52 (a) Treichel, P. M.; Wagner, K. P. J. Organomet. Chem. 1975, 88, 199–206. (b) Green, M. L. H.; 




heterolytic cleavage appears with amines, and so far there is not a clear explanation for 
this reactivity.53 It may be due to electronic or steric hindrance reasons, which favour 
the heterolytic cleavage of carbon (sp3)–oxygen bond above the acid–base reaction. 
The aim of this chapter is to show that the heterolytic cleavage reaction plays a 
relevant role in the reactivity of alkoxycarbenes. In order to do that, this chapter 
presents: 
i) The synthesis of an iridium (methoxy)alkenylcarbene complex by 
nucleophilic attack of methanol at an iridium allenylidene complex. 
ii) The reactivity of the iridium (methoxy)alkenylcarbene complex with 
different amines and aqueous ammonia solution. 
iii) Theoretical calculations to explain the reactivity of the system. 
2.2 Preparation of the Starting Material 
The half-sandwich (acetonitrile)iridium (III) complex 
[IrCp*Cl(NCMe)(PPh2Me)]PF6 (5a) was obtained as a yellow solid in 96% yield by 
reacting the complex [IrCp*Cl2(PPh2Me)]38 with TlPF6 in acetonitrile (eq 7). 
 
The IR spectrum of 5a, in addition to show the absorption due to the PF6
– at 841 
cm–1, displays two weak bands at 2324 and 2296 cm–1 assignable to the acetonitrile 
(CN) stretch. The 1H and 13C{1H} NMR spectra of 5a in dichloromethane, show the 
expected signals and do not deserve any particular comment, besides the presence of 
two different resonances in the 13C{1H} NMR spectrum ascribable to the NCCH3 (4.0 
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ppm, singlet) and NCCH3 (121.2 ppm, singlet). Furthermore, the signal corresponding 
to NCCH3 is a broad singlet at 2.39 ppm in the 1H NMR spectrum. The 31P{1H} 
spectrum shows a singlet at –9.7 ppm assignable to PPh2Me ligand and the 
corresponding signal of PF6
– at –144.1 (sept, 1JPF = 710.8 Hz)ppm. 
2.3 Synthesis and Reactivity with Strong Bases of a 
(Methoxy)alkenylcarbeneiridium Complex 
The reaction of the complex 5a with 1,1-diphenyl-2-propyn-1-ol in methanol gave 
a yellow solution which immediately turned purple, and finally, an orange solid was 
obtained, [IrCp*Cl{=C(OMe)CH=CPh2}(PPh2Me)]PF6 (6a) (Scheme 3). Complex 6a 
was isolated in 80% yield. The NMR spectra supported the proposed formulation, 
which was further confirmed by an X-ray crystal structure determination of complex 6a 
(Figure 11). For the carbene ligand (Ir=C(OCH3)CH=CPh2) of 6a, the 13C{1H} NMR 
spectrum exhibits a characteristic low-field resonance at δ 263.3 (s br) ppm for the α-
carbon, and at 148.6 (s) and 136.6 (s) ppm for the γ- and the β-carbons, respectively. 
The signal corresponding to CβH in the 1H NMR spectrum appears as a broad singlet at 
5.37 ppm. 
The formation of 6a may be explained according to the initial formation of an 
allenylidene complex as an intermediate (A). After that, nucleophilic attack by the 
oxygen atom of methanol on the α- carbon of the allenylidene followed by proton 
transfer at β-carbon gives the final (methoxy)alkenylcarbeneiridium complex 6a 
(Scheme 3). Nucleophilic attack by alcohols on the α-carbon atom of the allenylidene 
ligand has previously been reported for other metal complexes54 but not for iridium 
complexes, compound 6a being the first half-sandwich (methoxy)alkenylcarbeneiridium 
complex known. In order to confirm this hypothesis about the mechanism of the 
reaction, the compound 5a was treated with an excess of 1,1-diphenyl-2-propyn-1-ol in 
dichloromethane-d2, which gave a purple solution due to the formation of 
[IrCp*Cl{=C=C=CPh2}(PPh2Me)]PF6 (A). Complex 6a was obtained when methanol 
was added to this solution, which confirmed the hypothesis. Compound A is the first 
                                                            




half-sandwich iridium allenylidene complex known, but unfortunately this product 
began to decompose at the same time it was formed.55 However, the intermediate A was 
fully characterized at low temperature (243 K) by multinuclear (1H, 31P{1H}, 13C{1H}), 
multidimensional ({1H,1H} COSY, {1H, 13C} HSQC and {1H, 13C} HMBC) NMR 
experiments and, in solid state, by IR. Confirmatory evidence of the presence of the 
allenylidene moiety comes from both the IR spectrum (ν(C=C=C) weak band at 1989 cm–1) 
and the 13C{1H} spectrum with resonances at 238.7 (d, 2JCP = 16.3 Hz, Cα), 175.3 (s, Cγ) 
and 169.4 (s, Cβ) ppm. 
Scheme 3. Formation of the Allenylidene (A), (Methoxy)alkenylcarbene (6a) and 
Methoxyallenyl (7) Complexes of Iridium. 
 
The ORTEP representation of 6a is given in Figure 11 with the ellipsoids drawn at 
a probability level of 50%, while selected bond and angle parameters for 6a are given in 
Table 2. The complex cation 6a is formed by a Cp* ligand η5-coordinated to an iridium 
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along the Selegue reaction. This released water assembles the metallacumulene species A to produce 9. 




atom, which is also coordinated to other three donor atoms, leading to the formation of a 
"three-legged piano stool" structure with pseudooctahedral geometry. These ligands are 
a Fisher-type carbene ligand (1-methoxy-3,3-diphenylprop-2-en-1-ylidene), a chlorine 
ligand, and a diphenylmethylphosphane ligand. 
 
Figure 11. Cation [IrCp*Cl{=C(OMe)CH=CPh2}(PPh2Me)]+ (6a). 
Table 2. Selected Bond Lengths (Å) and Angles (deg) for 6a. 
Ir–CT 1.8835(2) Ir–C(12) 1.973(5) 
Ir–P(1) 2.3063(12) Ir–Cl 2.4147(12) 
C(11)–C(14) 1.355(6) C(11)–C(12) 1.464(7) 
O(1)–C(12) 1.317(6) O(1)–C(13) 1.471(6) 
CT–Ir–C(12) 128.18(14) CT–Ir–Cl 120.73(3) 
CT–Ir–P(1) 125.24(3) C(12)–Ir–P(1) 89.93(14) 
P(1)–Ir–Cl 92.45(4) C(12)–Ir–Cl 89.87(14) 
C(14)–C(11)–C(12) 130.8(4) O(1)–C(12)–C(11) 120.7(4) 





The carbene Ir–C bond length in complex 6a and in the complex 
[IrCp*{=C(OMe)CH2Ph}{PPh2(C6H3–2–(OMe)–6–O}]PF6,56 has the same value, 
1.973(5) Å. This bond length is shorter than the Ir–C σ-bond length for other 
complexes,56 showing the presence of some multiple bond character in the Ir–C carbene 
bond. However, this value is slightly longer than that found in the Fischer-type iridium 
carbenes of formula Ir=C(H)OR.57 
The complex 6a can be deprotonated with a strong base. The addition of 5 equiv 
of KOtBu to a dichloromethane solution of 6a leads to the neutral methoxyallenyl 
derivative [IrCp*Cl{C(OMe)=C=CPh2}(PPh2Me)] (7) as a result of the abstraction of 
the hydrogen atom bonded to the β-carbon of 6a, which was isolated as a brown solid in 
60% yield. This reaction is reversible and the complex 6a can be regenerated by 
addition of one equivalent of HBF4·Et2O to a dichloromethane solution of 7 (Scheme 3). 
In the 1H NMR spectrum of 7 the most noticeable feature is the absence of the 
CβH=CPh2 resonance. In the 13C{1H} NMR spectrum the resonance of the α-carbon 
atom of the allenyl ligand is observed as a doublet at 123.0 ppm with a C–P coupling 
constant of 17.7 Hz, while the β- and γ-carbon resonances are observed as singlets at 
197.0 and 112.5 ppm, respectively. The IR spectra shows a weak band at 1889 cm–1 due 
to the ν(C=C=C) of the allenyl ligand. 
2.4 Heterolytic Cleavage of the Carbon (sp3)–Oxygen Bond of the 
(Methoxy)alkenylcarbeneiridium Complex by Amines 
The analogue of a metal alkoxycarbene complex in organic chemistry is an ester. 
This analogy is very useful to explain the development of metal alkoxycarbene 
reactions. For example, the reaction of an ester with primary or secondary amines 
results in an amide, which is an aminolysis reaction. The same reaction appears in 
organometallic chemistry.49 It is usually assumed that the reaction of a primary or a 
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secondary amine with an alkoxycarbene is through attack at the carbene carbon, 
producing an aminocarbene (Scheme 4). 
Scheme 4. Aminolysis Reaction of a Metal Alkoxycarbene. 
 
Unexpectedly, when a dichloromethane solution of the methoxycarbene 
compound 6a was reacted with a wide variety of amines (MeNH2, EtNH2, Et2NH, Et3N, 
PrNH2, Pr2NH, CyNH2, Cy2NH and piperidine), in all cases the formation of the 
acylcomplex [IrCp*Cl{C(O)CH=CPh2}(PPh2Me)] (8) was observed. As is well known, 
the Fischer-type carbenes react with water to give hydroxycarbenes by nucleophilic 
substitution of the alkoxy group (eliminated as alcohol)58 and the hydroxycarbenes 
(generally unstable) may degrade to give acyl derivatives.58b,59 To rule out this 
possibility, the compound 6a was treated with water, but compound 6a remained stable 
and the formation of the acyl derivative was not detected. Therefore, 8 is a consequence 
of the attack of the amine at the carbon (sp3)–oxygen bond (Scheme 5). 




58 (a) Bernasconi, C. F.; Flores, F. X.; Sun, W. J. Am. Chem. Soc. 1995, 117, 4875–4880. (b) O’Connor, J. 
M.; Hiibner, K. J. Chem. Soc., Chem. Commun. 1995, 1209–1210. (c) Aumann, R.; Hinterding, P.; 
Krüger, C.; Goddard, R. J. Organomet. Chem. 1993, 459, 145–149. 
59 (a) Albertin, G.; Antoniutti, S.; Castro, J. Organometallics 2011, 30, 1558–1568. (b) Bianchini, C.; 
Casares, J. A.; Peruzzini, M.; Romerosa, A.; Zanobini, F. J. Am. Chem. Soc. 1996, 118, 4585–4594. (c) 




Additionally, the formation of the acyliridium complex 8 came always with a 
mixture of ammonium salts with different degrees of methylation. This finding indicates 
that the methoxycarbene 6a behaves as a methylating agent of amines, in a way similar 
to that for well-known methyl halides reacting with nitrogen nucleophiles in an organic 
reaction60 (Scheme 6). Another finding supporting this proposal occurs when the 
reaction was carried out with the tertiary amine Et3N; in this case only the ammonium 
salt [Et3MeN]PF6 accompanied the formation of complex 8. 
Scheme 6. Methylation of Amines by Metal Methoxycarbene. 
 
The spectral data confirm the formulation of 8 as 
[IrCp*Cl{C(O)CH=CPh2}(PPh2Me)]. The most noteworthy facts in these data are the 
disappearance of the OCH3 and CH signals in the 1H NMR experiment and the 
presence of a new signal at 7.67 ppm corresponding to CβHCPh2. Moreover, a signal in 
13C{1H} NMR experiment appearing at 219.0 ppm as a doublet with a C–P coupling 
constant of 13.0 Hz corresponds to 1-Cα(O)CHCPh2. All of this confirms the presence 
of the acyl ligand, 1-C(O)CHCPh2. The IR spectrum of the complex 8 shows a band at 
1577 cm–1 due to the ν(C=O) band of the acyl ligand. Compound 8 is thermodynamically 
unstable in methanol solution at room temperature and spontaneously converts to 
[IrCp*{CH=CPh2}(CO)(PPh2Me)]Cl (9) by CO deinsertion of the acyl ligand and 
concurrent displacement of the Cl– ligand (Scheme 7). Similar reactions can be found in 
                                                            




literature.58b,59b When this evolution was monitored by 1H NMR spectroscopy, it can be 
observed that the resonances for 8 were gradually and quantitatively replaced by a new 
set of resonances, compatible with the presence of the 1-2,2-diphenylethenyl ligand. 
Also, the formation of complex 9 with PF6– as counteranion was observed61 when after 
the synthesis of 8, the ammonium salts were not removed from the reaction mixture. In 
this case, the required time to complete the transformation process depends on the 
amine used (for example 24 hours for Et2NH and 7 hours for CyNH2) (Scheme 7). 
Scheme 7. Conversion of [IrCp*Cl{C(O)CH=CPh2}(PPh2Me)] (8) to the CO 
Deinsertion Product. 
 
The presence of a terminal carbonyl ligand in complex 9 is confirmed by a strong 
IR band at 2035 cm–1 for (C≡O), as well as by a doublet signal at  165.3 ppm with a C–
P coupling constant of 13.7 Hz in the 13C{1H} NMR spectrum. In addition, a doublet at 
115.1 ppm with a C–P coupling constant of 13.9 Hz and a broad singlet at 152.1 ppm 
can be assigned to the α-carbon and β-carbon nuclei of the vinyl ligand, respectively. 
                                                            




The 1H NMR spectrum of 9 shows a doublet at 7.02 ppm with a C–P coupling constant 
of 8.8 Hz, which corresponds to the hydrogen on the α-carbon of the vinyl ligand. All 
resonances assignments were confirmed by {1H,13C} HSQC and {1H,13C} HMBC 
experiments. 
A dropwise addition of NaBPh4 in methanol to a dichloromethane solution of 9 
gave monocrystals adequate for X-ray diffraction analysis. The structure of the cation 9 
consists of a Cp* ligand 5-coordinated to an iridium atom, which is also coordinated to 
three donor atoms, leading to the formation of a "three-legged piano stool" structure 
with pseudooctahedral geometry. These ligands are a 2,2-diphenylethenyl ligand, a 
carbonyl ligand, and a diphenylmethylphosphane ligand. The ORTEP representation of 
9 is given in Figure 12 with the ellipsoids drawn at a probability level of 30%, while 
selected bond and angle parameters are given in Table 3. 
Figure 12. Cation [IrCp*{CH=CPh2}(CO)(PPh2Me)]+ (9) 
Table 3. Selected Bond Lengths (Å) and Angles (deg) for 9·BPh4. 
Ir–C(0) 1.869(3) Ir–CT 1.90114(14) 
Ir–C(11) 2.072(3)  Ir–P(1) 2.3022(8) 
C(0)–O(0) 1.144(4) C(11)–C(12) 1.342(4) 




C(11)–Ir–P(1) 83.64(8) C(0)–Ir–P(1) 91.61(10) 
C(0)–Ir–C(11) 98.14(12) C(0)–Ir–CT 125.36(9) 
CT–Ir–C(11) 118.48(8) CT–Ir–P(1) 129.01(2) 
O(0)–C(0)–Ir 171.1(3) C(12)–C(11)–Ir 132.8(2) 
C(11)–C(12)–C(21) 119.4(3) C(11)–C(12)–C(31) 122.8(3) 
C(21)–C(12)–C(31) 117.7(3)   
2.5 Hydroxycarbene Complex as a Precursor to 1,1-Diphenylethene and 
3-Methyl-1,1,3-triphenylindane 
When 1.1 equivalent of a strong acid (HOSO2CF3 or HBF4.Et2O) was added to 8 
in a solution of dichloromethane, the hydroxycarbene 
[IrCp*Cl{=C(OH)CH=CPh2}(PPh2Me)]X, X = OSO2CF3 or BF4 (10) was isolated as a 
red solid in 87% yield. This reaction is reversible by addition of Et3N (Scheme 8).  
The hydroxycarbene 10 was unambiguously characterized by NMR spectroscopy 
({1H,13C} HMBC, {1H,13C} HSQC, 13C{1H}). Both C and C appear as singlets at 
133.7 ppm and 159.5 ppm, respectively; although C signal cannot be found.  






The formation of hydroxycarbene cation 10 was also confirmed by refluxing 
complex 5a with water and 1,1-diphenyl-2-propyn-1-ol for 30 minutes. This reaction is 
based on the chemistry of propargylic alcohols with transition metal complexes 
involving: a) the formation of an allenylidene intermediate, and, b) the attack by water 
to the α-carbon atom of the allenylidene ligand. This process would give an enol 
complex and through enol-keto tautomerization would generate the acyl intermediate 
which affords a carbonylvinyl complex by decarbonylation.58b In this case, the reaction 
gave a mixture of several compounds that were identified by 31P{1H} NMR experiments 
as 8, 9, A and 10 (signal at –12.4 ppm). In the 1H NMR experiment was not possible to 
conclude anything about this mixture, merely to emphasize the formation of an 
aldehyde, which is common when Fischer-type carbenes react with water as it was 
abovementioned. 
When the reaction mixture of 8 and trifluoromethanesulfonic acid was set aside 
for two hours, the carbonyl complex 3·OTf and 1,1-diphenylethene62 were formed. 
Moreover, when the same reaction was performed with four equivalents of acid and set 
aside overnight, the 1,1-diphenylethene transforms into 3-methyl-1,1,3-
triphenylindane.63 A plausible mechanism (Scheme 9) may involves the reaction of 1,1-
diphenylethene with excess acid.64 




62 (a) Li, J. H.; Li, J. L.; Wang, D-P.; Pi, S-F.; Xie, Y-X.; Zhang, M-B.; Hu, X-C. J. Org. Chem. 2007, 72, 
2053–2057. (b) Eisch, J. J.; Quian, Y.; Singh, M. J. Organomet. Chem. 1996, 512, 207–217. 
63 Basavaiah, D.; Reddy, K. R. Org. Lett. 2007, 9, 57–60. 




2.6 Aminolysis Reaction via Aqueous Ammonia Solution 
Surprisingly and in contrast to what was observed with amines, when an aqueous 
ammonia solution (30%) was added to a dichloromethane solution of 6a, a typical 
aminolysis reaction occurred and the primary aminocarbene 
[IrCp*Cl{=C(NH2)CH=CPh2}(PPh2Me)]PF6 (11) was obtained as an orange solid in 
82% yield (eq 8). 
 
The 1H NMR spectrum of 11 shows a singlet at 6.85 ppm for CH, and two broad 
singlets at 8.26 and 9.71 ppm corresponding to the NH2 group.65 Its 13C{1H} NMR 
spectrum confirms the presence of a carbene ligand. The carbene carbon appears as a 
doublet with a chemical shift of 209.9 ppm and a coupling constant C–P of 11.9 Hz. All 
of the proton and carbon resonances of 11 were unambiguously assigned by means of 













2.7 Computational Studies of Heterolytic Cleavage of the Carbon (sp3)–
Oxygen Bond and the Aminolysis 
In order to gain mechanistic insights about the preference by aminolysis or 
heterolytic cleavage of the carbon (sp3)–oxygen bond, reactions of compound 6a with 
ammonia and with ethylamine using density functional theory calculations have been 
studied. The information provided by these calculations is presented in Figures 13–18. 
The theoretical analysis shows that the two competitive reactions (heterolytic 
cleavage and aminolysis) appear for both nucleophiles (ethylamine and ammonia). The 
aminolysis reaction has two possibilities depending on which side of the molecule the 
nucleophilic attack is produced. It may be on the same side as the phosphine and 
opposite to the chlorine atom, or vice versa. The two possibilities produce different 
conformers with different stabilities, and therefore one of them is most likely to be 
followed than the other. In general, the attack on the chlorine side is favoured due to the 
lack of steric hindrance with the phosphane and to stabilizing intermolecular 
interactions between the attacking specie and the chlorine atom. 
For all systems studied with theoretical calculations, aminolysis is always a 
stepwise process with one reaction intermediate and two transition states. On the 
contrary, formation of 8 by heterolytic cleavage of the carbon (sp3)–oxygen bond of 6a 
is always one-step reaction via one transition state. 
Energy profiles of both reactions of 6a with ammonia are given in Figure 13 while 
the same is displayed in Figure 14 with ethylamine. These figures show that the most 
favourable mechanism for the two studied nucleophiles is the heterolytic cleavage of the 
carbon (sp3)–oxygen bond. The energy differences are big enough to prevent aminolysis 
with both nucleophiles. These differences are larger in ethylamine, most likely due to 




Figure 13. Free energy profile of aminolysis (left side) and of heterolytic cleavage of the carbon 
(sp3)–oxygen (right side) of complex 6a with one ammonia molecule.66 
Figure 14. Free energy profile of aminolysis (left side) and the heterolytic cleavage of the 
carbon (sp3)–oxygen (right side) of complex 6a with one molecule of ethylamine.66 
Experimental results show aminolysis as the reaction that occurs between 6a and 
ammonia, therefore theoretical results disagree with the experimental findings. In order 
to shed light on this issue and since aminolysis takes place in aqueous ammonia 
solution, new calculations have been performed including a water molecule together 
with ammonia (Figure 15). Calculations show that the water molecule behaves as a 
                                                            
66 For a better understanding of the energy profiles, the PPh2Me moiety has been represented by an unique 
sphere and most hydrogen atoms have been removed. Black line: solvent. Grey line: gas phase. In Figures 




catalyst, increasing the stability of the transition states in the aminolysis reaction and 
decreasing the energy barriers. This is most likely because cooperative effects appear 
due to the presence of water together with the ammonia molecule. Thus, if it is consider 
the energy barrier in aminolysis reaction from the minimum intermediate to the second 
transition state, it is still a little higher than in the heterolytic cleavage of the carbon 
(sp3)–oxygen bond pathway (less than 1 kcal/mol). 
 
Figure 15. Free energy profile of aminolysis (left side) and the heterolytic cleavage of the 
carbon (sp3)–oxygen (right side) of complex 6a with a molecule of ammonia and a water 
molecule.66 
However, when calculations are performed with two ammonia molecules (Figure 
16), the preference for the aminolysis mechanism is clear due to cooperative effects 
(4.46 kcal/mol for aminolysis vs 14.21 kcal/mol for heterolytic cleavage). Therefore, 
taking into account this evolution and the presence of more than two molecules in the 
real system, it can be assumed that aminolysis is the most favourable mechanism when 





Figure 16. Free energy profile of aminolysis (left side) and of heterolytic cleavage of the carbon 
(sp3)–oxygen (right side) of complex 6a with two ammonia molecules.66 
Calculations have also been performed with ethylamine and water; and with two 
ethylamine molecules (Figures 17 and 18). In these systems, there is also a decreasing 
of the barriers due to cooperative effects but they are not strong enough to overcome the 
steric hindrance, and therefore, the heterolytic cleavage is the more favourable 
mechanism for ethylamine. All this confirms the experimental results. 
Figure 17. Free energy profile of aminolysis (left side) and of heterolytic cleavage of the carbon 





Figure 18. Free energy profile of aminolysis (left side) and of heterolytic cleavage of the 
carbon (sp3)–oxygen (right side) of complex 6a with two ethylamine molecules.66 
Analysing the outcome of the theoretical calculations, hypothesis can be 
formulated about the behaviour of the studied system. Aminolysis or heterolytic 
cleavage of the carbon (sp3)–oxygen bond will appear as a result of a subtle equilibrium 
between different effects: 
I) An electronic effect that favours heterolytic cleavage of the carbon (sp3)–
oxygen bond. This effect comes due to the lack of capacity of iridium to hold 
negative charge, since the iridium negative partial charge in the transition states of 
the aminolysis is larger than in the other pathway. 
II) A destabilizing steric effect resulting from repulsive interactions between 
atoms. This problem affects both pathways but is larger in aminolysis. 
III) Stabilizing interactions as a consequence of cooperative effects that 
appear when two attacking molecules are considered. This last effect favours 
aminolysis. 
Therefore, it can be said that aminolysis does not have always such a strong 
position as the main reaction in alkoxycarbene complexes with amines. Thus, 
calculations show that in the adequate conditions (at low density of ammonia molecules 




heterolytic cleavage of the carbon (sp3)–oxygen bond will occurs in the studied system 
with ammonia. 
2.8 Conclusions 
In this chapter, the formation of the first half-sandwich allenylidene complex of 
iridium by Selegue’s reaction and the first (methoxy)alkenylcarbeneiridium via 
allenylidene complex has been reported. In addition, the behaviour of this iridium 
carbene complex with amines has been studied observing an unusual nucleophilic attack 
of the amine at the carbon (sp3)–oxygen bond, which gives an acyl complex and amine 
alkylation. In contrast, ammonia forms a primary aminocarbene by a typical aminolysis 
reaction. 
Experimental results and theoretical calculations suggest that a competitive 
process occurs between aminolysis and heterolytic cleavage of the carbon (sp3)–oxygen 
bond. This process is due to a subtle equilibrium between a destabilizing steric effect 
and a stabilizing interaction due to cooperative effects and not to a nucleophilic effect, 
because the nucleophilicity of ammonia is intermediate among the other amines used in 
this chapter. As a consequence, aminolysis is the most favourable reaction with 
ammonia and the heterolytic cleavage reaction is the most favourable with amines. 
The formation of 1,1-diphenylethene and 3-methyl-1,1,3-triphenylindane via 








































Metallacyclic aromatic compounds incorporating transition metals are a subject of 
great interest, since they display a behaviour that includes properties from both aromatic 
organic and organometallic compounds.67 The most common metallaromatic complexes 
are metallabenzenes with different transition metals such as osmium, iridium, platinum 
and ruthenium.68 Other interesting metallaromatics include metallabenzynes,69 
metallapyridines,70 metallanaphthalynes71 and metallanaphthalenes among others. As far 
as we know, only two metallanaphthalenes have been reported, one with osmium71a and 
another with iridium.72 The importance of this type of metal-organic functionality is 
emphasized by the fact that metal cyclopentadienyls can be formed from transitory 
metallabenzenes.68c,73 A number of experimental studies showed that the 
metallabenzenes have low thermal stability and they rearrange to more 
                                                            
67 For recent reviews, see: (a) Bleeke, J. R. Acc. Chem. Res. 2007, 40, 1035–1047. (b) Jia, G. Coord. 
Chem. Rev. 2007, 251, 2167–2187. (c) Wright, L. J. Dalton Trans. 2006, 1821–1827. (d) Landorf, C. W.; 
Haley, M. M. Angew. Chem. 2006, 118, 4018–4040; Angew. Chem. Int. Ed. 2006, 45, 3914–3936. (e) Jia, 
G. Acc. Chem. Res. 2004, 37, 479–486. (f) Bleeke, J. R. Chem. Rev. 2001, 101, 1205–1227. 
68 See for example: (a) Paneque, M.; Poveda, M. L.; Rendón, N.; Álvarez, E.; Carmona, E. Eur. J. Inorg. 
Chem. 2007, 2711–2720. (b) Clark, G. R.; Johns, P. M.; Roper, W. R.; Wright, L. J. Organometallics 
2006, 25, 1771–1777. (c) Jacob, V.; Weakley, T. J. R.; Haley, M. M. Angew. Chem. 2002, 114, 3620–
3623; Angew. Chem. Int. Ed. 2002, 41, 3470–3473. (d) Yang, J.; Jones, W. M.; Dixon, J. K.; Allison, N. 
T. J. Am. Chem. Soc. 1995, 117, 9776–9777. (e) Yang, J.; Yin, J.; Abboud, K. A.; Jones, W. M. 
Organometallics 1994, 13, 971–978. 
69 See for example: (a) Hung, W. Y.; Zhu, J.; Wen, T. B.; Yu, K. P.; Sung, H-Y.; Williams, I. D.; Lin, Z.; 
Jia, G. J. Am. Chem. Soc. 2006, 128, 13742–13752. (b) Wen, T. B.; Hung, W. Y.; Sung, H-Y.; Williams, 
I. D.; Jia, G. J. Am. Chem. Soc. 2005, 127, 2856–2857. (c) Wen, T. B.; Zhou, Z. Y.; Jia, G. Angew. Chem. 
2001, 113, 2005–2008; Angew. Chem. Int. Ed. 2001, 40, 1951–1954. 
70 (a) Liu, B.; Wang, H.; Xie, H.; Zeng, B.; Chen, J.; Tao, J.; Wen, T. B.; Cao, Z.; Xia, H. Angew. Chem. 
2009, 121, 5538–5542; Angew. Chem. Int. Ed. 2009, 48, 5430–5434. (b) Weller, K. J.; Filippov, I.; 
Briggs, P. M.; Wigley, D. E. Organometallics 1998, 17, 322–329. 
71 See for example: (a) Liu, B.; Xie, H.; Wang, H.; Wu, L.; Zhao, Q.; Chen, J.; Wen, T. B.; Cao, Z.; Xia, 
H. Angew. Chem. 2009, 121, 5569–5572; Angew. Chem. Int. Ed. 2009, 48, 5461–5464. (b) He, G.; Zhu, 
J.; Hung, W. Y.; Wen, T. B.; Sung, H-Y.; Williams, I. D.; Lin, Z.; Jia, G. Angew. Chem. 2007, 119, 
9223–9226; Angew. Chem. Int. Ed. 2007, 46, 9065–9068. 
72 Paneque, M.; Posadas, C. M.; Poveda, M. L.; Rendón, N.; Salazar, V.; Oñate, E.; Mereiter, K. J. Am. 
Chem. Soc. 2003, 125, 9898–9899. 
73 (a) Shi, C.; Guo, T.; Poon, K.; Lin, Z.; Jia, G. Dalton Trans. 2011, 40, 11315–11320 and references 
within. (b) Jonhs, P. M.; Roper, W. R.; Woodgate, S. D.; Wright, L. J. Organometallics 2010, 29, 5358–
5365. (c) Wu, H. P.; Weakley, T. J. R.; Haley, M. M. Chem. Eur. J. 2005, 11, 1191–1200. (d) Iron, M. 





thermodynamically stable cyclopentadienyl complexes.73a Analogously, an 
osmanaphthalene has been proposed as intermediate leading to an indenyl complex.71b 
In Chapter 2, it has been showed that new (methoxy)alkenylcarbeneiridium 
complex [IrCp*Cl{=C(OMe)CH=CPh2}(PPh2Me)]PF6 (6a) reacts with amines to 
undergo the unexpected cleavage of the O–CH3 bond instead of the usual aminolysis. 
This peculiar behaviour has prompted further explorations of the reactivity of this type 
of compounds. In this chapter, two new iridanaphthalene complexes are obtained by 
intramolecular C–H activation of a phenyl ring of the carbene ligand in 
[IrCp*Cl{=C(OMe)CH=CPh2}(L)]PF6 (L = PPh2Me (6a), PMe3 (6b)) complexes. It is 
demonstrated that these iridanaphthalene complexes can undergo a thermal reaction to 
give indenyl complexes and 3-phenylindan-1-one. 
3.2 Synthesis of the Starting Material 
The half-sandwich (acetonitrile)iridium (III) complex 
[IrCp*Cl(NCMe)(PMe3)]PF6 (5b) was obtained as a yellow solid in 93% yield by 
reacting the complex [IrCp*Cl2(PMe3)]74 with TlPF6 in acetonitrile (eq 9). The IR 
spectrum of 5b, in addition to show the absorption due to the PF6
– at 840 cm–1, displays 
two weak bands at 2321 and 2289 cm–1 assignable to the acetonitrile (CN) stretch. The 
1H and 13C{1H} NMR spectra of 5b in dichloromethane, show the expected signals and 
do not deserve any particular comment, besides the presence of two different resonances 
in the 13C{1H} NMR spectrum ascribable to the NCCH3 (4.3 ppm, singlet) and NCCH3 
(121.0 ppm, singlet). Furthermore, the signal corresponding to NCCH3 is a broad singlet 
at 2.67 ppm in the 1H NMR spectrum. The 31P{1H} spectrum shows a singlet at –25.6 
ppm assignable to PMe3 ligand and the corresponding signal of PF6
– at –144.5 (sept, 
1JPF = 712.3 Hz) ppm. 
Reaction of the half-sandwich (acetonitrile)iridium (III) complex 
[IrCp*Cl(NCMe)(PMe3)]PF6 (5b) with 1.2 equivalents of 1,1-diphenyl-2-propyn-1-ol in 
methanol gave an orange solid due to the formation of 
                                                            





[IrCp*Cl{=C(OMe)CH=CPh2}(PMe3)]PF6 (6b) (eq 9). Complex 6b was fully 
characterized by spectroscopic techniques, showing similar resonances in NMR spectra 
than its analogous, complex 6a, described in Chapter 2. Thus, 13C{1H} NMR spectrum 
of 6b exhibits low-field resonances, at 262.3 ppm as doublet with a C–P coupling 
constant of 10.5 Hz for α-carbon of the carbene ligand, at 153.4 (s, Cγ) and at 138.4 (s, 
Cβ) ppm. The signal corresponding to CβH in the 1H NMR spectrum appears at 7.31 
ppm as a singlet. 
3.3 Synthesis of the Iridanaphthalene Complexes 
Treatment of [IrCp*Cl{=C(OMe)CH=CPh2}(L)]PF6 (L = PPh2Me (6a), PMe3 
(6b)) with AgPF6 in dichloromethane gave high yields of the iridanaphthalene 
complexes [IrCp*{=C(OMe)CH=CPh(o–C6H4)}(L)]PF6 (L = PPh2Me (12a), PMe3 
(12b)) through an intramolecular C–H activation of one of the phenyl rings of the 
carbene ligand (eq 10). 
 
The structures of both iridanaphthalene complexes have been confirmed by single 






monocrystals in both cases with BPh4
– as counteranion. In the case of 12b, 
monocrystals were also obtained with PF6
– as counteranion. The ORTEP representation 
of the cationic complexes 12a and 12b drawn at 50% probability level are given in the 
Figures 19 and 20 respectively, while selected bond and angle parameters are shown in 
Table 4. The iridium atom in both complexes becomes part of a metallanaphthalene 
moiety and the metal coordination sphere is completed with a Cp* and a phosphane 
ligand (PPh2Me for complex 12a and PMe3 for 12b) leading to the formation of a 
“three-legged piano stool” structure with pseudooctahedral geometry. 
 
Figure 19. Cation [IrCp*{=C(OMe)CH=CPh(o–C6H4)}(PPh2Me)]+ (12a).
 




Table 4. Selected Bond Lengths (Å) and Angles (deg) for 12a·BPh4, 12b·BPh4 and 
12b·PF6. 
 12a·BPh4 12b·BPh4 12b·PF6 
Ir–P(1) 2.2968(9) 2.294(2) 2.2959(12) 
Ir–CT 1.9306(2) 1.9286(3) 1.9172(2) 
Ir–C(11) 1.966(4) 1.969(7) 1.956(4) 
Ir–C(22) 2.068(3) 2.026(7) 2.046(4) 
C(11)–C(12) 1.425(5) 1.416(9) 1.432(6) 
C(12)–C(13) 1.360(5) 1.345(10) 1.351(6) 
C(13)–C(21) 1.454(5) 1.460(9) 1.472(6) 
C(21)–C(22) 1.424(5) 1.422(9) 1.419(6) 
C(11)–Ir–C(22) 89.52(14) 89.7(3) 88.88(17) 
CT–Ir–C(11) 124.38(10) 126.7(2) 122.11(12) 
CT–Ir–C(22) 125.72(10) 126.5(2) 123.59(12) 
C(11)–Ir–P(1) 93.21(10) 87.0(2) 89.02(13) 
C(22)–Ir–P(1) 84.32(10) 86.1(2) 89.88(11) 
CT–Ir–P(1) 127.60(3) 127.63(5) 131.30(3) 
O(1)–C(11)–Ir 113.5(3) 113.6(5) 116.4(3) 
The iridium atom is out of the plane formed by five carbon atoms, which 
constitute the metallacyclic structure, by 0.066(5), 0.176(9) and 0.689(5) Å in 
complexes 12a·BPh4, 12b·BPh4 and 12b·PF6, respectively. The values of the 
iridanaphthalene complexes with BPh4
– as counteranion are significantly smaller to 
those previously reported in literature75 which present solvent molecules 
(dichloromethane, acetone or diethylether) in their crystallization sphere as happens in 
the complex 12b·PF6. These solvent molecules could be influencing in the deviation of 
the metal out of the plane of the metallanaphthalene moiety and/or the presence of a 
bulky counteranion (as BPh4
–) could produce a diminution of the deviation. 
                                                            




The Ir–C distances are similar to Ir–C single and double bonds previously 
described76 (1.966(4) and 2.068(3) Å for 12a·BPh4, 1.956(4) and 2.046(4) Å for 
12b·PF6 and 1.969(7) and 2.026(7) Å for 12b·BPh4). All the C–C bonds of the 
iridanaphthalene moiety of 12a·BPh4, 12b·BPh4 and 12b·PF6 compare well with those 
found in naphthalene.77 This fact suggests a similar, delocalized electronic structure that 
may be described in terms of canonical forms I–III (Figure 21), with larger 
contributions from the last two due to the carbene character of Ir–C(OMe) indicated by 
its chemical shift and the Ir–C(OMe) bond distance. 
 
Figure 21. Canonical forms of the iridanaphthalene moiety. 
The NMR spectra support the solid-state structures of 12a,b. In the 1H NMR 
spectrum of 12a, the signal corresponding to C2H appears at 6.27 ppm as singlet and the 
C7H signal appears as a multiplet at low field, 7.96–8.02 ppm; meanwhile, 12b shows 
the same signals at 6.63 and 7.81–7.86 ppm, respectively. In the 13C{1H} NMR 
spectrum, the most noticeable feature is the presence of two doublets with a C–P 
coupling constant around 10 Hz corresponding to both carbon atoms directly bonded to 
the iridium atom (C1 and C8), and another two doublets with a C–P coupling constant 
between 2 and 5 Hz corresponding to C2 and C7. These signals appear at 118.0 (C2), 
143.9 (C7), 154.2 (C8) and 245.3 (C1) ppm for complex 12a, while for 12b, they appear 
at 118.8 (C2), 143.0 (C7), 156.3 (C8) and 248.1 (C1) ppm. Finally, two singlets 
corresponding to C9 and C3 appear at 133.6 and 177.8 ppm for 12a and at 134.2 and 
179.0 ppm for 12b. 
                                                            
76 For instance, the length of Ir=C bond in 6a is 1.973(5) Å while the Ir–C bond in 9 is 2.072(3) Å. For 
more IrCp* complexes structurally characterized: (a) Ishii, Y.; Ogio, K-i.; Nishio, M.; Retbøll, M.; 
Kuwata, S.; Matsuzaka, H.; Hidai, M. J. Organomet. Chem. 2000, 599, 221–231. (b) Paisner, S. N.; 
Burger, P. Bergman, R. G. Organometallics 2000, 19, 2073–2083. (c) See reference 56  




3.4 Formation of Indanone from Iridanaphthalene Complexes 
The iridanaphthalene moiety is not stable and refluxing 12a or 12b in 1,2-
dichloroethane or toluene for 24 hours gave the 3-phenylindan-1-one (13) (eq 11). The 
same transformation also occurred at longer reaction times in dichloromethane at 308 K 
(eq 11). 
 
The nature of 13,78 which was isolated in excellent yield, was confirmed by 1H 
and 13C{1H} NMR spectroscopy. The transformation of 12a or 12b to give 13 is, as far 
as we know, the first example of indanone formation from a metallanaphthalene. In 
order to shed light on the mechanism of this reaction, two solutions of 12a and 12b 
(0.013 M) in dichloromethane were prepared and their transformation into 13 was 
followed at 308 K by NMR spectroscopy. After 8 days, integration of the 31P{1H} peaks 
showed a partial transformation of 12a and 12b into the new complexes [IrCp*{3‐
(C9H5)(OMe)(Ph)}(PPh2Me)]PF6 (14a) and [IrCp*{3-(C9H5)(OMe)(Ph)}(PMe3)]PF6 
(14b), respectively (~30:70 mole ratio in both cases). 1H NMR confirmed the presence 
of 13 in addition to 12a,b and 14a,b. Extraction of 13 with diethyl ether gave 14a 
contaminated with 12a (~30%) or 14b contaminated with 12b (~5%). The same final 
mixture was observed when 12a, with BPh4
– as counteranion, was used as starting 
material obtaining monocrystals of 14a·BPh4 adequate for X-ray diffraction analysis. 
Multidimensional and multinuclear NMR analysis of both mixtures confirms the 
formulation of 14a and 14b as the indenyl complexes. The 1H NMR spectrum for 14a 
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shows the presence of signals at 3.84 (s, 3H, OCH3) and 6.01 (d, 1H, 3JHP = 10.8 Hz, 
C2H) ppm while for 14b the same signals appear at 3.78 (s, 3H, OCH3) and 5.96 (d, 1H, 
3JHP = 10.7 Hz, C2H) ppm. The 13C{1H} NMR spectrum for 14a reveals the existence of 
resonances at 49.4 (s, C3), 56.3 (s, C2), 132.3 (s, C9), 161.0 (s, C8) and 186.3 (s, C1) 
ppm, while the peaks for 14b appear at 50.1 (s, C3), 55.3 (s, C2), 132.3 (s, C9), 161.3 (s, 
C8) and 185.5 (s, C1) ppm. The {1H,13C} HMBC NMR experiment further confirms the 
existence of the indenyl ligand, showing correlations between η3-C2H and C3, C1, C8 
and C9 (Figure 22). 
Figure 22. Section of the {1H,13C} HMBC NMR experiment of 14a (in CD2Cl2) showing 
correlations between η3-C2H and C3, C1, C8 and C9 resonances. Signals marked with an asterisk 
correspond to the presence of 12a as an impurity. 
Since chemical shift ranging between 140 and 160 ppm are typical for C8 and C9 
in 3-indenyl ligands,79 the NMR data suggest the structure shown in Scheme 10 for 
14a,b, showing an 3-hapticity of the indenyl ligand. The crystal structure of 14a 
                                                            
79 (a) Habib, A.; Tanke, R. S.; Holt, E. M.; Crabtree, R. H. Organometallics 2003, 8, 1225–1231. (b) 
Merola, J. S.; Kacmarcik, R. T.; Engent, D. V. J. Am. Chem. Soc. 1986, 108, 329–331. (c) Rerek, M. E.; 










confirms that this formulation is retained in the solid state, with the iridium atom 
coordinated to a diphenylmethylphosphane ligand, a 5-pentamethylcyclopentadienyl 
ligand and the 3-1-methoxy-3-phenylindene (Figure 23). The noteworthy geometrical 
feature of the structure is the strongly slipped indenyl group, in which the average of the 
Ir–C(14) and Ir–C(15) distances is 3.23(3) Å. This value is 24% longer than the average 
value of the  Ir–C(11), Ir–C(12) and Ir–C(13) distances, 2.45(2) Å. On the other hand, 
the C(12)–C(13) and C(12)–C(11) distances are 1.42(3), as expected. The ORTEP 
representation for 14a drawn at 20% probability level is shown in Figure 23 while bond 
distances and angles are listed in Table 5. 
Figure 23. Cation [IrCp*{3-(C9H5)(OMe)(Ph)}(PPh2Me)]+ (14a). P1 represents a PPh2Me 
ligand. 
Table 5. Selected Bond Lengths (Å) and Angles (deg) for 14a·BPh4. 
Ir–CT 1.8959(16) Ir–C(11) 2.92(2) 
Ir–C(12) 2.17(2) Ir–C(13) 2.25(2) 
Ir–C(14) 3.08(3) Ir–C(15) 3.38(3) 
Ir–P(1) 2.280(7) C(11)–C(12) 1.42(3) 
C(11)–C(15) 1.49(3) C(12)–C(13) 1.42(3) 
C(13)–C(21) 1.49(3) C(13)–C(14) 1.53(4) 




CT–Ir–P(1) 125.71(19) CT–Ir–C(11) 115.1(5) 
CT–Ir–C(12) 142.6(6) CT–Ir–C(13) 133.6(7) 
CT–Ir–C(14) 106.9(5) CT–Ir–C(15) 102.1(4) 
P(1)–Ir–C(11) 114.0(5) C(12)–Ir–P(1) 89.3(6) 
C(13)–Ir–P(1) 95.4(7) P(1)–Ir–C(14) 123.6(5) 
P(1)–Ir–C(15) 132.1(5)   
The interception of complexes 14a,b along the transformation of complexes 
12a,b, shed light on the possible mechanism for the formation of 13, Scheme 10. The 
iridanaphthalenes 12a,b could undergo carbene migratory insertion, leading to the 16e– 
intermediate B (not observed)80 which, after switching from 1 to 3 hapticity, leads to 
the more stable 18e– complexes 14a,b, stabilized with respect to B by aromatization of 
the benzene ring. Formation of 13 from 14a,b recalls the formation of indene from the 
indenyl complex,79a but in this evolution the final product is an indanone (Scheme 10). 
This implies not only the heterolytic cleavage of the O–CH3 bond but also the 
hydrogenation of the remaining double bond. The solvent does not seem to play any 
role in the reaction, since it occurs irrespective of solvent polarity (dichloromethane, 
1,2-dichloroethane, methanol, chloroform and toluene) and in aprotic solvents (carbon 
tetrachloride) or when the presence of water is rigorously avoided.81 In keeping with this 
hypothesis, repeating the reaction in deuterated solvents (CD2Cl2, CDCl3), does not 
result in any deuterium incorporation in the final products. Therefore, complexes 14a,b 
are the only species initially involved in the formation of 13, and the methyl group 
possibly bonded to the iridium atom after the heterolytic cleavage of the O–CH3 bond 




80 Formation of Cp complexes from metallabenzenes is known, and also this rearrangement was proposed 
for obtaining an indenyl osmium complex (see references 68c, 71b and 73). 
81 All solvents were dried by the usual procedures (Perrin, D. D.; Armarego, W. L. F. Purification of 























L = PPh2Me (12a), PMe3 (12b)










(18 e-)  
3.5 Conclusions 
In summary, the iridanaphthalenes 12a,b have been synthesized by a 
intramolecular C–H activation of one phenyl ring of the carbene ligand in complexes 
6a,b. Complexes 12a,b selectively transform into the indenyl compounds 14a,b. When 
the reaction is carried out at low concentration in a low-boiling-point solvent, a mixture 
of 12a,b and 14a,b is formed, suggesting a rationale for the mechanism of the evolution 




that indenyl complexes could be relevant intermediates to obtaining these organic 
compounds, which are important for their medical applications.82 
In conclusion, first example of evolution of an iridanaphthalene complex into an 
indanone through an intermediate indenyl is shown, serving as a good example as 
starting material to obtain indanones. 
                                                            
82 (a) Senaiar, R. S.; Teske, J. A.; Young, D. D.; Deiters, A. J. Org. Chem. 2007, 7801–7804 and 












Cyclometalated Iridium Complexes from 
Intramolecular C–H Activation of 
[IrCp*Cl{=C(OMe)CH=C(CH3)R}(L)]PF6 (R = 












The cyclometalation reaction involving transition metals is mostly based on 
activation of a strong C–H bond under mild conditions, to form a new metal–carbon σ-
bond and it is a useful method for creating organometallic entities83 (Scheme 11). 
Scheme 11. Cyclometalation Reaction through a C–R Activation. 
 
The product of this reaction, “a metallacycle”, can also be obtained by other 
routes. In particular, some metallacyclic compounds have been formed with pincer 
ligands,84 by activation of the vinyl ethers,85 and with free pyridyl-functionalized 
carbenes86 (Scheme 12). 
Scheme 12. Obtaining of Metallacyclic Compounds by Pincer Ligands (a), Vinyl Ethers 
(b) and Free Pyridyl-functionalized Carbenes (c). 
 
                                                            
83 (a) Campos, J.; Espada, M. F.; López-Serrano, J.; Carmona, E. Inorg. Chem. 2013, 52, 6694−6704 and 
references within. (b) Albrecht, M. Chem. Rev. 2010, 110, 576–623 and references within.  
84 Morales-Morales, D.; Jensen, C. M. The Chemistry of Pincer Compounds; Elsevier: Amsterdam, 2007. 
85 Paneque, M.; Poveda, M. L.; Santos, L. L.; Carmona, E.; Mereiter, K. Organometallics 2008, 27, 
6353–6359. 





Many C–C or C–heteroatom coupling reactions involving metallacycle complexes 
occur under relatively mild conditions than if they were carried out by conventional 
organic methods. Within the plentiful applications of metallacycle compounds organic 
transformations, catalysis, materials science and medicinal chemistry are included.83,87 
In Chapter 3, it is shown that the (methoxy)alkenylcarbeneiridium complexes 6a,b 
undergo an intramolecular C–H activation of one of the phenyl rings of the 
alkenylcarbene ligand to give new iridanaphthalene iridium complexes. Extension of 
these studies to other (methoxy)alkenylcarbeneiridium complexes with different 
substituents on the alkenyl fragment [IrCp*Cl{=C(OMe)CH=CR1R2}(L)]PF6 (R1 = 
CH3, R2= CH3, Ph; R1 = Ph, R2 = H) (L = PPh2Me or PMe3) is relevant because five-, or 
six-membered cyclometalated rings can be obtained as a function of in which 
substituent the intramolecular C–H activation would take place. 
                                                            
87 (a) Li, L.; Brennessel, W. W.; Jones, W. D. Organometallics 2009, 28, 3492–3500. (b) Paneque, M.; 
Poveda, M. L.; Rendón, N.; Mereiter, K. Organometallics 2009, 28, 172–180. (c) Paneque, M.; Poveda, 




In this chapter, it is described the formation of iridacyclopenta-1,3-diene 
complexes from [IrCp*Cl{=C(OMe)CH=C(CH3)R}(L)]PF6 (R = CH3, Ph; L = PPh2Me, 
PMe3) and their conversion into iridacyclopenta-2,4-diene complexes. 
4.2 Iridacyclopenta-1,3-diene Complexes 
Treatment of 5a,b with 2-methyl-3-butyn-2-ol in methanol at room temperature 
gave the (methoxy)alkenylcarbeneiridium complexes 
[IrCp*Cl{=C(OMe)CH=CMe2}(L)]PF6 (L = PPh2Me (15a), PMe3 (15b)) in high yields 
(eq 12). Multidimensional and multinuclear NMR spectra supported the proposed 
formulation for both compounds. The 1H NMR spectrum exhibits a broad singlet at 5.72 
ppm for 15a and at 6.77 ppm for 15b corresponding to CβH. The α-, β- and γ-carbon 
resonances appear at 268.4 (d, 2JCP = 11.5 Hz), 138.0 (s) and 150.9 (s) ppm, 
respectively, for 15a and at 264.5 (d, 2JCP = 11.2 Hz), 141.6 (d, 3JCP = 4.9 Hz) and 159.7 
(s) ppm, respectively, for 15b in their 13C{1H} NMR spectrum. 
 
A solution of 15a in dichloromethane/pentane (1:3 v/v) gave monocrystals 
adequate for X-ray diffraction analysis. The ORTEP representation of 15a drawn at 
50% probability level is shown in Figure 24, while selected bond lengths and angles are 
listed in Table 6. The structure of the cationic complex 15a consists of a Cp* ligand η5-
coordinated to an iridium atom, which is also coordinated to other three donor atoms, 
leading to the formation of a “three-legged piano stool” structure with a 
pseudooctahedral geometry. These atoms belong to a Fisher-type carbene ligand (1-







Figure 24. Cation [IrCp*Cl{=C(OMe)CH=CMe2}(PPh2Me)]+ (15a). 
Table 6. Selected Bond Lengths (Å) and Angles (deg) for 15a. 
Ir–CT 1.8745(4) Ir–C(11) 2.000(11) 
Ir–P(1) 2.320(3) Ir–Cl 2.396(3)) 
C(13)–C(14) 1.292(18) C(11)–C(13) 1.450(16) 
O(1)–C(12) 1.479(13) O(1)–C(11) 1.303(13) 
CT–Ir–C(11) 126.0(3) CT–Ir–Cl 122.17(7) 
CT–Ir–P(1) 130.04(7) C(11)–Ir–P(1) 86.7(3) 
P(1)–Ir–Cl 87.28(10) C(11)–Ir–Cl 92.7(3) 
C(14)–C(13)–C(11) 132.6(13) O(1)–C(11)–C(13) 118.5(10) 
O(1)–C(11)–Ir 113.1(8) C(13)–C(11)–Ir 128.4(9) 
The carbene Ir–C(11) bond length (2.000(11) Å) in complex 15a is slightly longer 
than those in other related complexes as 6a (1.973(5) Å), 
[IrCp*{=C(OMe)CH2Ph}{PPh2(C6H3–2–(OMe)–6–O}]+ (1.97(1) Å)56 and 
[IrTpMe2(H)2(=C(H)OBun)] (1.859(2) Å),57 and shorter than the found in other Ir–C σ-






The addition of AgPF6 to a solution of 15a or 15b in dichloromethane gave the 
cyclic carbene compounds 16a,b, respectively, through an intramolecular C–H 
activation of one of the methyl groups of the alkenyl fragment (eq 13). Complexes 
16a,b are iridacyclopenta-1,3-dienes that are made up of a chelating organic ligand with 
alkyl and carbene termini, [IrCp*{=C(OMe)CH=C(Me)CH2}(L)]PF6 (L = PPh2Me 
(16a), PMe3 (16b)). 
  
Comprehensive multidimensional and multinuclear NMR studies supported the 
proposed formulation for both compounds. The monocrystals obtained in a solution of 
dichloromethane/pentane (1:4 v/v) confirm that this formulation is retained in the solid 
state with the iridium atom coordinated to a phosphane ligand (PPh2Me for 16a and 
PMe3 for 16b), a η5-pentamethylcyclopentadienyl ligand, and two carbon atoms of a 
chelating organic ligand, which forms a five-membered cycle (iridacyclopenta-1,3-
diene) leading to the formation of a “three-legged piano stool” structure with a 
pseudooctahedral geometry. Note that 16a presents two unit formulas in the asymmetric 
unit with small differences in the orientation of the iridacyclopentadiene cycle as can be 
seen in Figure 25. The ORTEP representations for complexes 16a,b drawn at 50% 
probability level are given in Figures 25 and 26, while a selection of bond lengths and 






Figure 25. Two cations found for [IrCp*{=C(OMe)CH=CMeCH2}(PPh2Me)]+ (16a). 
Table 7. Selected Bond Lengths (Å) and Angles (deg) for 16a. 
Cation on the left Cation on the right 
Ir(1)–CT 1.9026(4) Ir(2)–CT 1.9005(4) 
Ir(1)–P(1) 2.2784(17) Ir(2)–P(2) 2.2740(18) 
Ir(1)–C(15) 1.978(7) Ir(2)–C(65) 1.981(8) 
Ir(1)–C(11) 2.130(6) Ir(2)–C(61) 2.117(7) 
C(11)–C(12) 1.505(10) C(61)–C(62) 1.470(10) 
C(12)–C(14) 1.357(10) C(62)–C(64) 1.364(10) 
C(14)–C(15) 1.423(10) C(64)–C(65) 1.416(10) 
CT–Ir(1)–P(1) 128.56(4) CT–Ir(2)–P(2) 128.48(5) 
CT–Ir(1)–C(15) 127.36(19) CT–Ir(2)–C(65) 129.3(2) 
CT–Ir(1)–C(11) 127.1(2) CT–Ir(2)–C(61) 125.54(19) 
P(1)–Ir(1)–C(11) 90.2(2) P(2)–Ir(2)–C(61) 87.3(2) 
C(15)–Ir(1)–P(1) 89.6(2) C(65)–Ir(2)–P(2) 92.1(2) 





The five atoms constituting the iridacyclopenta-1,3-diene ring are essentially 
coplanar, with mean deviations of 0.0472 Å (Figure 25, left) and 0.0382 Å (Figure 25, 
right) for 16a and 0.0113 Å for 16b. The Ir–C double bond lengths in the 
iridacyclopenta-1,3-diene rings span from 1.978(7) to 1.984(9) Å. In the case of Ir–C 
single bond lengths these values vary from 2.117(7) to 2.130(6) Å. All of these values 
are slightly longer than those found for the iridacyclopenta-1,3-dienes obtained by 
Paneque et al.85,87b 
 
Figure 26. Cation [IrCp*{=C(OMe)CH=CMeCH2}(PMe3)]+ (16b). 
Table 8. Selected Bond Lengths (Å) and Angles (deg) for 16b. 
Ir–CT 1.9207(12) Ir–C(11) 2.121(7) 
Ir–C(15) 1.984(9) Ir–P(1) 2.285(3) 
C(11)–C(12) 1.486(11) C(12)–C(14) 1.356(11) 
C(14)–C(15) 1.459(11)   
CT–Ir–P(1) 129.12(7) CT–Ir–C(11) 121.4(2) 
CT–Ir–C(15) 133.3(2) C(11)–Ir–C(15) 79.2(3) 




The 1H NMR spectrum in 16a shows resonances at 1.81–1.85 (m, 2H, C4H2), 
1.87–1.90 (m, 3H, CH3) and 6.25 (s br, 1H, C2H) ppm (see eq 13 for labelling). Similar 
resonances are observed for complex 16b: 1.65–1.72 (m, 1H, C4H2), 1.88–1.94 (m, 1H, 
C4H2), 2.30–2.39 (m, 3H, CH3) and 6.68 (s br, 1H, C2H) ppm. The corresponding 
13C{1H} NMR resonances for 16a appear at 19.6 (d, 2JCP = 7.8 Hz , C4), 137.3 (s, C2), 
209.1 (s, C3) and 252.7 (d, 2JCP = 9.1 Hz, C1) ppm. Resonances for 16b are 18.7 (d, 2JCP 
= 7.7 Hz, C4), 139.7 (s, C2), 206.2 (s, C3) and 253.8 (s br, C1) ppm. 
When 2-phenyl-3-butyn-2-ol was added to a solution of [IrCp*Cl2(L)] (L = 
PPh2Me) in methanol with sodium hexafluorophosphate at room temperature (eq 14), 
the compound [IrCp*Cl{=C(OMe)CH=CPhMe}(PPh2Me)]PF6 (17a) was obtained. On 
the other hand, when L = PMe3 the final product was a mixture of 
[IrCp*Cl{=C(OMe)CH=CPhMe}(PMe3)]PF6 (17b) and 
[IrCp*{=C(OMe)CH=C(Ph)CH2}(PMe3)]PF6 (18b) (~70:30 mole ratio, respectively). 
When 5a is used as starting material, compound 17a appeared accompanied by other 
unidentified products. With 5b the final product was a mixture of 17b and 18b (~85:15 
mole ratio, respectively). 
 
Multidimensional and multinuclear NMR spectra supported the proposed 
formulation for 17a,b. The 1H NMR spectrum exhibits a broad singlet at 5.69 ppm for 
17a and at 7.25 ppm for 17b corresponding to CβH. The α-, β- and γ-carbon resonances 
in 13C{1H} NMR spectrum appear at 271.4 (d, 2JCP = 12.8 Hz), 136.7 (s) and 143.6 (s) 
ppm, respectively, for 17a and at 266.1 (s br), 140.5 (s) and 153.3 (s) ppm, respectively, 
for 17b. The {1H, 1H} NOESY experiments show cross-peaks of CβH with phenyl 





Figure 27. Section of the {1H, 1H} NOESY experiment of 17a (in CD2Cl2) showing the 
correlation between CβH and CγPh resonances. 
When 17a or 17b (in fact the mixture 17b/18b) was treated with AgPF6 the five–
membered iridacycles [IrCp*{=C(OMe)CH=C(Ph)CH2}(PPh2Me)]PF6 (18a) or 
[IrCp*{=C(OMe)CH=C(Ph)CH2}(PMe3)]PF6 (18b) were isolated, respectively (eq 15). 
The formation of these compounds indicates that C(sp3)–H activation of the methyl 
group takes place instead of the a priori more favourable C(sp2)–H activation of the 
phenyl group. Obviously, this is due to a geometric constraint that makes it impossible 
for the phenyl group participate in the C–H activation, being in the vicinity of methyl 
group to the iridium atom, in the (methoxy)alkenylcarbene compounds, which leads to 
the formation of a five-membered metallacycle. Of note, when both substituents of the 









The NMR data confirm the formulation of 18a,b. The 1H NMR spectrum shows 
resonances at 2.12–2.19 (m, 1H, C4H2), 2.44–2.52 (m, 1H, C4H2) and 6.88 (s br, 1H, 
C2H) ppm for 18a. Similar resonances are observed for the complex 18b, at 2.27–2.29 
(m, 2H, C4H2) and 7.27 (s br, 1H, C2H) ppm. The corresponding 13C{1H} NMR 
resonances for 18a appear at 14.3 (d, 2JCP = 7.8 Hz, C4), 133.5 (s, C2), 198.4 (s, C3) and 
249.4 (d, 2JCP = 9.1 Hz, C1) ppm. The resonances for complex 18b are 13.9 (d, 2JCP = 
7.4 Hz, C4), 136.3 (s, C2), 197.1 (s, C3) and 250.7 (d, 2JCP = 11.5 Hz, C1) ppm. 
In an attempt to get more information about the activation mechanism, new 
(methoxy)alkenylcarbeneiridium compounds with the formula 
[IrCp*{=C(OMe)CH=CHPh}(L)]PF6 (L = PPh2Me (19a), PMe3 (19b)) were prepared. 
Complexes 19a,b were obtained by reaction of 1-phenyl-2-propyn-1-ol with a solution 
of [IrCp*Cl2(L)] and sodium hexafluorophosphate in dichloromethane/methanol at 
room temperature (eq 16). 
 
Multidimensional and multinuclear NMR spectra confirm the proposed structure 
for both complexes. Although in complexes 19a,b the resonance of CβH in the 1H NMR 






correlation with CγH allowing the assignment (Figure 28). The resonance appears at 
7.28 (d, 3JHH = 15.6 Hz, CβH) ppm for 19a and at 7.53 (d, 3JHH = 14.7 Hz, CβH) ppm for 
19b. The resonance at 8.66 (d, 3JHH = 15.1 Hz) ppm for 19a and at 8.63 (d, 3JHH = 15.0 
Hz) ppm for 19b is assignable to CγH. The H–H coupling constants are typical for 
olefinic protons in trans position. In the 13C{1H} NMR spectrum for complex 19a the 
resonances at 262.0 (d, 2JCP = 13.5 Hz), 129.6 (s) and 169.0 (s) ppm are assignable to  
α-, β- and γ-carbons, respectively, and, for complex 19b these resonances appear at 
262.1 (d, 2JCP = 14.0 Hz), 126.9 (s) and 170.0 (s) ppm, respectively. 
Figure 28. Section of the {1H, 1H} COSY NMR experiment of 19a (in CD2Cl2) showing the 
correlation between CβH and CγH. 
When 19a,b were treated with AgPF6, the formation of iridacycles is not observed 
and only a mixture of decomposition products was obtained. This result confirms that 
the arrangement of substituents in the alkenyl fragment is important to obtain 








4.3 Iridacyclopenta-2,4-diene Complexes 
The metallacyclopenta-1,3-diene complexes are scarce85,88 and, as far as we know 
with iridium only those prepared by Paneque et al.85 have been reported. In addition, 
attempts to deprotonate the methylene group in these complexes85 were fruitless. In 
contrast, when the iridacyclopenta-1,3-diene complexes 16a,b and 18a,b were treated 
with KtBuO, the methylene group was deprotonated, giving the new iridacyclopenta-
2,4-diene complexes [IrCp*{C(OMe)=CHCR=CH}(L)] for L = PPh2Me with R = CH3 
(20a) or R = Ph (21a) and for L = PMe3 with R = CH3 (20b) or R = Ph (21b) (eq 17). 
This type of metallacyclopentadiene complexes is interesting due to its implication in 
the cyclooligomerization of alkynes.89 
 
Multidimensional and multinuclear NMR experiments confirm the suggested 
formulations for 20a,b and 21a,b. The more relevant resonance in the 1H NMR 
                                                            
88 (a) Busetto, L.; Mazzoni, R.; Salmi, M.; Zacchini, S.; Zanotti, V. J. Organomet. Chem. 2010, 695, 
2519–2525. (b) Busetto, L.; Marchetti, F.; Zacchini, S.; Zanotti, V. Organometallics 2005, 24, 2297–
2306. (c) Biasotto, F.; Etienne, M.; Dahan, F. Organometallics 1995, 14, 1870–1874. (d) Yeh, W-Y.; 
Peng, S-M.; Liu, L-K. Inorg. Chem. 1993, 32, 2965–2967. (e) Kriley, C. E.; Kerschner, J. L.; Fanwick, P. 
E.; Rothwell, P. I. Organometallics 1993, 12, 2051–2058. (f) Herberich, G. E.; Mayer, H. 
Organometallics 1990, 9, 2655–2661. (g) Agh-Atabay, N. M.; Davidson, J. L.; Muir, K. W. Chem. 
Commun. 1990, 1399–1401. (h) Agh-Atabay, N. M.; Davidson, J. L.; Douglas, G.; Muir, K. W. Chem. 
Commun. 1989, 549–551. (i) Cabrera, E.; Daran, J. C.; Jeannin, Y. Organometallics 1989, 8, 1811–1819. 
(j) Morrow, J. R.; Tonker, T. L.; Templeton J. L. J. Am. Chem. Soc. 1985, 107, 5004–5005. (k) Carlton, 
L.; Davidson, J. L.; Ewing, P.; Manojlovic-Muir, L.; Muir, K. W. Chem. Commun. 1985, 1474–1476. 
89 (a) Paneque, M.; Posadas, C. M.; Poveda, M. L.; Rendón, N.; Alvarez, E.; Mereiter, K. Chem. Eur. J. 
2007, 13, 5160–5172. (b) Paneque, M.; Posadas, C. M.; Poveda, M. L.; Rendón, N.; Mereiter, K. 
Organometallics 2007, 26, 3120–3129. (c) Gandon, V.; Agenet, N.; Vollhardt, K. P. C.; Malacria, M.; 
Aubert, C. J. Am. Chem. Soc. 2006, 128, 8509–8520. (d) Nishiyama, H.; Niwa, E.; Inoue, T.; Ishima, Y.; 





spectrum is C4H, which appears at 6.03–6.07 (m) for 20a, at 7.31 (d, 3JHP = 8.3 Hz) for 
21a, at 6.07–6.11 (m) for 20b and at 7.42–7.46 (m) ppm for 21b. In the 13C{1H} NMR 
spectrum the resonances corresponding to C4 and C1 appear between 120 and 132 ppm 
with a C–P coupling constant on the order of 14 Hz and at approximately 180 ppm with 
a C–P coupling constant of nearly 14 Hz, respectively. 
4.4 Conclusions 
A family of (methoxy)alkenylcarbeneiridium complexes with different R 
substituents on the alkenyl fragment of the carbene ligand have been synthesized. These 
(methoxy)alkenylcarbeneiridium complexes are starting products in the cyclometalation 
reaction of this chapter. When both R groups are different, two possible products in the 
cyclometalation reaction may result, as a function of in which substituent intramolecular 
C–H activation occurs. With the (methoxy)alkenylcarbeneiridium complexes used in 
this chapter the final products could be iridacyclic compounds with a five- or six-
membered ring. In all cases, only five-membered ring iridacyclopenta-1,3-dienes 
complexes have been obtained. The arrangement of the substituents on alkenyl fragment 
dictates the type of the final product. 
Through a deprotonation reaction of the iridacyclopenta-1,3-dienes complexes, 
new iridacyclopenta-2,4-diene complexes have been obtained. These compounds are 
important in the formation of different organic substrates.87b-c,89,90 
In conclusion, the (methoxy)alkenylcarbeneiridium complexes (15a,b and 17a,b) 
undergo an intramolecular C–H activation of one of the substituents R (R ≠ Ph) of the 
alkenyl fragment to give new five-membered ring cyclometalated iridium complexes. 
The arrangement of the substituents in the alkenyl fragment determines the size of the 
ring in the iridacyclic complexes. The iridacyclopenta-1,3-diene complexes are 
deprotonated to iridacyclopenta-2,4-diene complexes. 
 
                                                            
90 (a) Yamamoto, Y.; Arakawa, T.; Ogawa, R.; Itoh, K. J. Am. Chem. Soc. 2003, 125, 12143–12160. (b) 


























Iridanaphthalene Complexes: Influence of the 














Transition-metal cyclometalated complexes are species that have increased their 
presence in organometallic chemistry. Much of the risen interest stems from a plethora 
of applications, as for example, in organic transformations, catalysis, material science 
and medicinal chemistry.83.87a,c,91 This type of compounds is obtained by different 
synthetic processes and its reactivity depends on the nature of the metal, type of ring 
and its substituents. 
Within the large family of metallacycle compounds, the metallanaphthalene 
complexes are lesser known and explored.71a,72 They are of interest since they can 
display aromatic properties and organometallic reactivity like the metallabenzene 
compounds do.67c,d,f,92 In Chapter 3, it is reported the synthesis of two iridanaphthalene 
complexes that evolved into 3-phenyl-1-indanone. The indanone derivatives are found 
in a wealth of natural products and biologically active compounds,93 in particular the 3-
substituted-1-indanones are of great relevance for their applications as components of 
many pharmaceutical agents, intermediates in organic synthesis and medicinal 
chemistry.82,94 
The transformation of an unstable iridanaphthalene into an indanone derivative is 
a possible path to obtaining these derivatives. As it is described in Chapter 3, 
iridanaphthalene complexes can be synthesized from an intramolecular C–H activation 
of one of the phenyl groups of the alkenyl fragment of the 
(methoxy)alkenylcarbeneiridium compounds. However, in Chapter 4, it has been 
                                                            
91 Paneque, M.; Poveda, M. L.; Rendón, N.; Mereiter, K. Organometallics 2009, 28, 172–180. 
92 (a) Lin, R.; Zhang, H.; Li, S.; Wang, J.; Xia, H. Chem. Eur. J. 2011, 17, 4223−4231. (b) Zhang, H.; 
Lin, R.; Hong, G.; Wang, T.; Wen, T. B.; Xia, H. Chem. Eur. J. 2010, 16, 6999−7007. 
93 (a) Charris, J. E.; Lobo, G. M.; Camacho, J. R.; Ferrer, R. E.; Barazarte, A. R.; Domínguez, J. N.; 
Gamboa, N.; Rodrigues, J. R.; Angel, J. E. Lett. Drug Des. DiscoVery 2007, 4, 49−54. (b) Dai, J.; Krohn, 
K.; Flörke, U.; Draeger, S.; Schulz, B.; Kiss-Szikszai, A.; Antus, S.; Kurtan, T.; van Ree, T. Eur. J. Org. 
Chem. 2006, 35, 3498−3506. (c) Giner, J-L.; Kehbein, K. A.; Cook, J. A.; Smith, M. C.; Vlahos, C. J.; 
Badwey, J. A. Bioorg. Med. Chem. Lett. 2006, 16, 2518−2521. (d) Charris, J. E.; Domínguez, J. N.; 
Gamboa, N.; Rodrigues, J. R.; Angel, J. E. Eur. J. Med. Chem. 2005, 40, 875−881. 
94 (a) Lee, B. H.; Choi, Y. L.; Shin, S.; Heo, J-N. J. Org. Chem. 2011, 76, 6611−6618. (b) Hedberg, C.; 
Andersson, P. G. Adv. Synth. Catal. 2005, 347, 662−666. (c) Bogeso, K. P.; Arnt, J.; Frederiksen, K.; 
Hansen, H. O.; Hyttel, J.; Pedersen, H. J. Med. Chem. 1995, 38, 4380−4392. (d) Bogeso, K. P.; 




described that when there is an R substituent different to a phenyl group on the alkenyl 
fragment, the final product is not an iridanaphthalene (Scheme 13). 














R = CH3 R = Ph
PF6 PF6 PF6
 
These experimental results suggest the necessity of two phenyl groups on the 
alkenyl fragment to obtain iridanaphthalene complexes. The approach in this chapter is: 
first, to synthesize (methoxy)alkenylcarbeneiridium compounds with a substituted 
phenyl ring on the alkenyl fragment, second, to synthesize their corresponding 
iridanaphthalenes and, finally, to study the influence of the different substituents in their 
transformation into indanone derivatives. 
5.2 (Methoxy)alkenylcarbeneiridium Complexes 
The propargylic alcohols used in this work were prepared following the method 
described in the literature.95 
 
                                                            
95 Mantovani, N.; Bragnati, M.; Gonsalvi, L.; Grigiotti, E.; Laschi, F.; Marvelli, L.; Peruzzini, M.; 




Reaction of these alcohols with a solution of 5b in methanol gave their 
corresponding (methoxy)alkenylcarbeneiridium complexes in good yields and as a 
mixture of cis-, trans- isomers in the case of 22–24 (eq 18). 
Multidimensional and multinuclear NMR spectra supported the proposed structure 
for all complexes and, in particular, the NOESY spectrum confirms the cis, trans 
arrangement (Figure 29). Thus, the 1H NMR spectrum of each 
(methoxy)alkenylcarbeneiridium complex exhibits a broad singlet between 6.97–7.64 ppm 
corresponding to CβH. In the 13C{1H} NMR spectrum, the α-carbon resonance appears as a 
doublet between 259.4–264.0 ppm with a C–P coupling constant around 10–12 Hz, except 
for cis-, trans-22 whose signal appears as a broad singlet; β-carbon resonance appears 
between 136.7–139.8 as a singlet except for trans-23 and trans-24 whose Cβ appears as a 
doublet with a C–P coupling constant of 3.1 and 2.3 Hz, respectively. Finally, γ-carbon 






Figure 29. Section of the {1H,1H} NOESY NMR experiment of cis-, trans-22 (in CD2Cl2) 
showing cross-peaks of CβH with Ph for cis-22 (in black) and CβH with C2H for trans-22 (in 
green). 
5.3 Iridanaphthalene Complexes 
The new iridanaphthalene complexes are obtained with the same synthetic route 
as the 12a and 12b complexes obtained in Chapter 3. As shown in eq 19, the treatment 















Brown monocrystals adequate for X-ray diffraction analysis of the complex 26B 
with BPh4
– as counteranion were obtained when it was treated with a solution of 
NaBPh4 in methanol, confirming its structure. The ORTEP representation of the cation 
26B drawn at 50% probability level is given in Figure 30 while a selection of distances 
and angles is shown in Table 9. The asymmetric unit of complex 26B contains a 
cationic iridium complex, a tetraphenylborate anion and a dichloromethane solvent 
molecule. 
 
Figure 30. Cation [IrCp*{=C(OMe)CH=C(o–C6H4)(p–NO2–C6H4)(PMe3)]+ (26B). 
Table 9. Selected Bond Lengths (Å) and Angles (deg) for 26B·BPh4. 
Ir–P(1) 2.2754(11) Ir–CT 1.9167(3) 
Ir–C(11) 1.965(4) Ir–C(15) 2.037 
C(11)–C(12) 1.414(6) C(12)–C(13) 1.373(5) 
C(13)–C(14) 1.457(6) C(14)–C(15) 1.421(6) 
C(11)–Ir–C(15) 89.47(16) CT–Ir–C(11) 125.49(11) 
CT–Ir–C(15) 123.26(12) C(11)–Ir–P(1) 87.43(12) 
C(15)–Ir–P(1) 89.46(12) CT–Ir–P(1) 129.56(3) 




The cation consists of a Cp* ligand 5-coordinated to an iridium atom, which 
becomes part of a metallanaphthalene moiety and whose metal coordination sphere is 
completed with a phosphane ligand (PMe3) with a “three-legged piano stool” structure 
in an pseudooctahedral arrangement. The iridanaphthalene moiety shows Ir–C bond 
lengths of 1.965(4) and 2.037(4) Å. The distance between the iridium atom and the 
plane defined by the five carbon atoms of the ring is 0.425(5) Å, showing an envelope 
distortion. These data agree with the iridanaphthalene complexes described in Chapter 3 
and the ones found in the literature.71a,72 
Multidimensional and multinuclear NMR spectra sustained the proposed structure 
for all complexes. In the 1H NMR spectrum of these iridanaphthalene complexes, the 
signal corresponding to C2H appears between 6.54 and 6.80 ppm as a singlet in all cases 
except for complexes 26A,B whose C2H signal is a doublet with a H–P coupling 
constant of 1.0 Hz. On the other hand, the C7H signal of 26B–28B complexes appears 
as a multiplet at low field between 7.80 and 7.88 ppm (as in complex 12b, Chapter 3); 
meanwhile, 26A–28A and 29 complexes show the same signal at 8.63 (d, 4JHP = 2.4 
Hz); 7.37–7.40 (m); 7.66–7.68 (m) and 7.67 (s br) ppm, respectively, due to the effect 
of the substituent in 6 position. This effect can be also observed in C3’H and C5’H in 
26B–28B and 29 complexes. In the 13C{1H} NMR spectrum, the most noticeable 
feature is the presence of two doublets with a C–P coupling constant around 10 Hz 
corresponding to both carbon atoms directly bonded to the iridium atom (C1 and C8), 
and another two doublets with a C–P coupling constant around 2 and 5 Hz 
corresponding to C2 and C7, respectively. These signals appear at 241.7–251.2 (C1), 
154.2–160.1 (C8), 116.1–121.8 (C2) and 143.0–144.0 (C7) ppm except for C7 chemical 
shift of 26A and 27A complexes, which are influenced by the substituent in 6 position 
appearing at 136.2 and 127.9 ppm, respectively. These substituents also has influence in 
their own carbon atom (C6 for 26A–28A complexes, C4’ for 26B–28B complexes or 
both for 29) whose signal appears at 146.8 (C6, 26A) and 148.1 (C4’, 26B) ppm; at 162.0 






5.4 Indanone derivatives 
 
When a solution of the isomers 26A,B in 1,2-dichloroethane was heated at 338 K 
for 24 hours, 30B was obtained with a 90% yield and 26A is recovered unaltered. In an 
attempt to obtain the indanone derivative corresponding to 26A, a solution of 26A in 
1,2-dichloroethane was heated at 368 K for 24 hours. A mixture of 30A and 30B was 
obtained in a ~30:70 mole ratio, respectively. This suggests that the formation of the 
indanone derivative corresponding to the iridanaphthalene 26A is not favoured, needing 
stronger reaction conditions. So, starting from 26A, 30B was formed as the major 
product, which seems to indicate that in the transformation reaction of 26A a 
reorganization to form 30B occurs (since 30A did not evolve to 30B under the same 
conditions), see path b Scheme 14. The isomers 30A and 30B (~30:70 mole ratio, 
respectively) were also obtained when the mixture 26A,B in CCl4 was heated at 348 K 
for 24 hours. In order to obtain more information about this reaction, a solution of the 
mixture 26A,B was prepared in CD2Cl2; after six days complex 26A remained unaltered 
and 26B had almost completely evolved to a new complex (~10:90 mole ratio, 
respectively). The new compound may be an indenyl intermediate [IrCp*{η3–
(C9H5)(OMe)(p–NO2–C6H4)}(PMe3)]PF6 in accordance with the results in Chapter 3. 
1H NMR spectrum shows the presence of a signal at 5.98 ppm (d, 1H, 3JHP = 10.6 Hz, 
C2H), which is characteristic of indenyl compounds. Attempts to isolate and perform a 








































The 31B and 31A compounds were obtained in a ~87:13 mole ratio, respectively, 
and 27A was recovered in a minor proportion when a mixture of 27A,B in 1,2-
dichloroethane was heated at 338 K for 24 hours. The same occurs when the mixture 
27A,B in CCl4 was heated at 348 K for 24 hours. To confirm that 31B is formed only 
from 27B and 31A only from 27A, path a Scheme 14, a solution of 27A in 1,2-
dichloroethane was heated at 368 K for 24 hours. Only 31A (13% yield) and 27A were 
observed97 and there is not 31B formation. This suggests that obtaining indanone 
derivatives from iridanaphthalene 27A is less favoured than the total transformation of 
26A into 30A,B.  
The mixture 28A,B in CCl4 at 348 K for 24 hours gave the 32A and 32B 
compounds with a ~45:55 mole ratio, respectively (91% yield). In this case, the 
iridanaphthalene 28A evolved to 32A and 28B to 32B, path a Scheme 14. After 6 days 
in a solution of 28A,B in CD2Cl2 at 308 K, still there is 28A which indicates that the 
formation of 32B from 28B is faster than 32A from 28A. Finally, the iridanaphthalene 
29 in CCl4 at 348 K for 3 days evolved to 33 in a 92% yield. 
These four cases show the effect that the substituents in 6 position on an 
iridanaphthalene complex have in the formation of the indanone derivatives. The 
electronic influence of any substituent is determined by the combination of two effects, 
induction and resonance. The substituents in these cases are nitro, methoxy and methyl 
groups. The nitro group is electron withdrawing through resonance and induction, so the 
electronic influence is reinforced. This means that the ortho and para positions to the 
nitro group have a positive partial charge, which stabilizes the carbanion and favour the 
path b over the path a Scheme 14. On the other hand, the methoxy group is electro 
withdrawing and resonance donor but in alkoxy groups the resonance overrides 
induction. This means that ortho and para positions to the methoxy group have a 
negative partial charge. It does not favour the formation of the carbanion (path b does 
not occur) and increases significantly the stability of the iridanaphthalene with respect 
to the formation of the indanone derivative by path a Scheme 14. Finally, the methyl 
                                                            
97 In the final reaction mixture before the purification process there are 31A, 27A and 6-methoxy-3-
phenylinden-1-one together with unidentified organometallic products. When this mixture was purified 





group is a weak electron donor and it has not resonance effect, in consequence the 
carbanion is not favourable and also decreases the stability of the iridanaphthalene in 
favour of the indanone derivative formation, path a Scheme 14. 
The nature of all indanone derivatives98 is confirmed by multidimensional and 
multinuclear NMR spectroscopy. The new indanones 30A,B and 33 show in the 1H 
NMR spectrum three doublets of doublets, two of them corresponding to the methylene 
group at 2.61–2.81 and 3.17–3.35 ppm, and the other one is the C3H signal between 
4.50 and 4.74 ppm; these signals show geminal coupling constants around 19 Hz and 
vicinal coupling constants around 4 and 8 Hz. On the other hand, the most noticeable 
feature in the 13C{1H} NMR spectrum is the presence of the carbonyl group resonance 
between 203.8 and 206.1 ppm. 
5.5 Conclusions 
In this chapter it is presented the synthesis of new 
(methoxy)alkenylcarbeneiridium complexes with a substituted phenyl ring on the 
alkenyl fragment. They show cis, trans isomerism. Through a C–H activation their 
corresponding iridanaphthalene compounds are formed as a mixture of two isomers 
(substituent in the 6 position of the iridanaphthalene skeleton or in the para position of 
the phenyl ring). The iridanaphthalene complexes with substituent in the para position 
of the phenyl ring evolved to 3-(4-sustituted)indan-1-ones. However, when the 
iridanaphthalenes have a substituent in the 6 position, different products can be 
obtained. It seems to be a consequence of the resonance effect due to the ring 
substituents. A resonance acceptor substituent (as nitro group) favours the formation of 
3-(4-substituted)indan-1-ones, while a resonance donor substituent (as methoxy group) 
stabilizes the iridanaphthalene. When the substituent has not resonance effect and is a 
weak electron donor (as methyl group) the stability of the iridanaphthalene decreases, 
favouring the formation of 6-substituted-3-phenylindan-1-ones. 
                                                            
98 For 31A,B see: Ramulu, B. V.; Reddy, A. G. K.; Satyanarayana, G. Synlett 2013, 24, 868–872; while 
for 32A see: Rendy, R.; Zhang, Y.; McElrea, A.; Gomez, A.; Klumpp, D. A. J. Org. Chem. 2004, 69, 




In conclusion, it has been shown that the (methoxy)alkenylcarbeneiridium 
complexes are good starting compounds for the formation of iridanaphthalenes if they 
have phenyl groups as substituents on the alkenyl fragment. Furthermore, the stability 
or instability of these iridanaphthalenes depends on the electronic influence of the 
substituents in the naphthalene skeleton, making them possible candidates for the 













































In the search for a precursor that could be used in the synthesis of new 
organometallic complexes by incorporation of organic substrates, hydride and solvate 
complexes with an IrCp* fragment and a phosphane ligand have been synthesized. 
Pentamethylcyclopentadienyl iridium dihydride complexes [IrCp*(H)2(L)] (L = 
PPh2Me (1), PTA (2)) have been synthesized. Protonation of the hydride complex 1 did 
not give an η2-H2 complex but gave the classical trihydride [IrCp*H3(PPh2Me)]BF4 (4) 
that displays quantum mechanical exchange coupling. These hydrides do not show 
reactivity with organic molecules. 
The solvate complexes [IrCp*Cl(NCMe)(L)]PF6 (L = PPh2Me (5a), PMe3 (5b)) 
gave an activation reaction with propargylic alcohols in methanol. The final product of 
this reaction is a (methoxy)alkenylcarbeneiridium complex. 
The reactivity of the (methoxy)alkenylcarbeneiridium complex 
[IrCp*Cl{=C(OMe)CH=CPh2}(PPh2Me)]PF6 (6a) with amines and aqueous ammonia 
was studied. Two different pathways are observed: “aminolysis” (with ammonia) and 
“heterolytic cleavage of the carbon (sp3)–oxygen bond” (with amines). Experimental 
and theoretical studies suggest that this behaviour is due to steric and cooperative 
effects. 
The rest of the work focuses on the cyclometalation reaction of 
(methoxy)alkenylcarbeneiridium complexes with different substituents on the alkenyl 
fragment, [IrCp*Cl{=C(OMe)CH=CR1R2}(L)]PF6 (L = PPh2Me or PMe3). Thus, the 
size of cyclometalated rings depends on in which substituent the intramolecular C–H 
activation would take place. 
The (methoxy)alkenylcarbeneiridium complexes with R1 = CH3, R2= CH3 (15a,b) 
or Ph (17a,b) gave new five-membered-ring cyclometalated complexes while the one 
with R1 = Ph, R2 = H (19a,b) does not yield any cyclometalated complex. Thus, the 
arrangement of substituents on the alkenyl fragment determines the size of the ring in 
the iridacycle complexes. The iridacyclopenta-1,3-diene complexes obtained 
[IrCp*{=C(OMe)CH=C(R)CH2}(L)]PF6 (R = CH3 (16) or Ph (18); L = PPh2Me (a) or 




[IrCp*{C(OMe)=CHCR=CH}(L)] (R = CH3 (20) or Ph (21); L = PPh2Me (a) or PMe3 
(b)). 
However, with [IrCp*Cl{=C(OMe)CH=CPh2}(L)]PF6 (L = PPh2Me (6a) or PMe3 
(6b)) and [IrCp*Cl{=C(OMe)CH=C(p–R1–C6H4)(p–R2–C6H4)}(PMe3)]PF6 (R1 = R2 = 
CH3 (25); R1 = H, R2= NO2 (22), OCH3 (23), CH3 (24)) iridanaphthalene complexes 
were obtained. The iridanaphthalene compounds evolve to indanone derivatives via an 
indenyl complex. The iridanaphthalenes [IrCp*Cl{=C(OMe)CH=C(o–C6H4)(p–R2–
C6H4)}(PMe3)]PF6 (26B–28B) and [IrCp*Cl{=C(OMe)CH=C(o–C6H3–p–CH3)(p–CH3–
C6H4)}(PMe3)]PF6 (29) always evolve to 3-(4-substituted)indan-1-one derivatives, 
while the iridanaphthalene complexes [IrCp*Cl{=C(OMe)CH=C(o–C6H3–p–
R2)(Ph)}(PMe3)]PF6 (26A–28A) give different products according to the electronic 
influence of the substituent (R2). A resonance acceptor substituent (NO2) favours the 
formation of 3-(4-nitro)indan-1-one, while a resonance donor substituent (OCH3) 
stabilizes the iridanaphthalene and 6-methoxy-3-phenylindan-1-one is obtained in low 
yield. When the substituent is a weak electron donor (CH3), the stability of the 
iridanaphthalene decreases which favours the formation of 6-methyl-3-phenylindan-1-
one. 
In conclusion, it has been studied the reactivity of a set of new 
(methoxy)alkenylcarbeneiridium complexes. They were studied in a C–N coupling 
reaction (aminolysis with ammonia), heterolytic cleavage of a carbon (sp3) –oxygen 
bond (amines) or in the C–H activation reaction of the substituents on the alkenyl 
fragment to give iridanaphthalene complexes. Finally it was studied the stability of 

























1. Instrumental Techniques and Equipment 
Unless stated, nuclear magnetic resonance spectra (NMR) were recorded in CD2Cl2 
at room temperature on Bruker ARX-400 instrument, with resonating frequencies of 
400 MHz (1H), 161 MHz (31P{1H}), 376 MHz (19F{1H}) and 100 MHz (13C{1H}) using 
the solvent as the internal lock. 1H and 13C{1H} signals are referred to internal TMS, 
19F{1H} to CFCl3 and those of 31P{1H} to 85% H3PO4; downfield shifts are considered 
positive. 1H and 13C{1H} (or JMOD) NMR signal assignments were confirmed by 
{1H,1H} COSY, {1H,1H} NOESY, {1H,13C} HSQC, {1H,13C} HMBC and DEPT 
experiments. Low-temperature measurements were made by cooling the probe with a 
stream of N2. In Chapter 1, NMR spectra were simulated using gNMR 4.1 software.99 T1 
relaxation times for the hydridic resonances of complexes 1, 2 and 4 were measured in 
CD2Cl2 or toluene-d8 as a function of temperature at 400 MHz using a standard 
inversion-recovery methodology.  
Mass spectra are referred to the most abundant isotopes. They were acquired using 
an Apex-Qe spectrometer by high or low resolution electrospray technique for 
organometallic complexes and high and low resolution electron impact technique for 
organic compounds. 
Carbon, hydrogen and nitrogen analyses were carried out in Carlo Erba 1108 
analyser. 
Infrared spectra were run on a Jasco FT/IR-6100 spectrometer (between 400 cm–1 
and 4000 cm–1). Solid spectra were recording using KBr pellets. 
2. Materials 
All experiments were carried out under an atmosphere of argon by Schlenk 
techniques.  
Solvents were dried and purified by the usual procedures81 and, prior to use, 
distilled under argon. 
                                                            




All reagents were obtained from commercial sources and they were used without 
further purification except triethylamine which was dried, purified81 and distilled under 
argon. 
The starting materials [IrCp*Cl2(PPh2Me)],38 [IrCp*Cl2(PTA)],39 
[IrCp*Cl2(PMe3)]74 and propargylic alcohols95 were prepared as described in the 
literature. 
3. Computational Details 
DFT calculations were carried out with the Gaussian09 package.100 Preliminary 
calculations at a low calculation level were done in order to obtain the initial structures 
for the optimization processes. In these calculations most of the system was described at 
B3LYP/STO-3G level. However, a 6-31G basis set was used to describe the oxygen, 
nitrogen, chlorine and phosphorus atoms. Carbons C11, C12 and C13 in Figure 11 were 
also described by a 6-31G basis set, and iridium by using a LANL1DZ effective core 
potential. Once the initial geometries were obtained, DFT optimizations were performed 
with the exchange–correlation hybrid functional M062x of Truhlar and Zhao101 
(functional M06L has been also used confirming the data obtained with M062x). All 
atoms but iridium were described by a 6-31G* basis set. The iridium atom was 
represented by the LANL2DZ effective core potential and the corresponding basis set. 
Analytical vibrational frequency calculations were carried out to characterize the 
minima and the transition states. Besides, entropic and zero-point corrections to free 
energies were adopted from frequency calculations on the optimization level. Energy 
corrections due to the solvent were taken into account by single-point calculations on 
the obtained geometries and using the integral equation formalism variant of the 
Polarizable Continuum Model (IEFPCM)102 to characterize the solvent. 
 
                                                            
100 Frisch, M. J. et al. Revision A.1, Gaussian 09; Gaussian, Inc.: Wallingford, CT, 2009. 
101 Zhao, Z.; Truhlar, D. G. Theor. Chem. Acc. 2008, 120, 215–241. 





4. X-ray Diffraction Analysis 
Crystallographic data of the different complexes were collected on a Bruker Smart 
1000 CCD diffractometer at CACTI (Universidade de Vigo) using graphite 
monochromated Mo-K radiation (λ = 0.71073 Å), and were corrected for Lorentz and 
polarisation effects. The software SMART103 was used for collecting frames of data, 
indexing reflections and the determination of lattice parameters, SAINT104 for 
integration of intensity of reflections and scaling, and SADABS105 for empirical 
absorption correction. 
The crystallographic treatment of compounds was performed with the Oscail 
program.106 Most of the structures were solved by direct methods and refined by a full-
matrix least-squares based on F2.107 All non-hydrogen atoms were refined with 
anisotropic displacement parameters. Hydrogen atoms were included in idealized 
positions and refined with isotropic displacement parameters.  
The structure of [IrCp*{3-(C9H5)(OMe)(Ph)}(PPh2Me)]BPh4 (14a·BPh4) was 
solved using SUPERFLIP108 and refined by full-matrix least-squares on all F2 using 
SHELXL97107 by using the Oscail suite.106 Most of the non-hydrogen atoms were 
refined with isotropic displacement parameters, since the scarce quality [R(int) = 
13.4%; R(σ) = 36.2%] of the best crystal does not allow anisotropic refinement. For that 
reason, only the iridium and phosphorous atoms were refined with anisotropic 
displacement parameters, as was the chlorine atoms of the CH2Cl2 solvent.  
                                                            
103 SMART Version 5.054, Instrument control and data collection software; Bruker Analytical X-ray 
Systems Inc.: Madison, Wisconsin, USA, 1997. 
104 SAINT Version 6.01, Data Integration software package; Bruker Analytical X-ray Systems Inc.: 
Madison, Wisconsin, USA, 1997. 
105 Sheldrick, G. M., SADABS. A Computer Program for Absorption Corrections; University of 
Göttingen, Germany, 1996. 
106 McArdle, P. J. Appl. Cryst. 1995, 28, 65. 
107 Sheldrick, G. M. Acta Cryst. 2008, A64, 112–122. 
108 Palatinus, L.; Chapuis, G. Superflip -a computer program for the solution of crystal structures by 




For 12a and 14a·BPh4, the Squeeze program109 was used to correct the reflection 
data for the diffuse scattering due to disordered solvent present in the asymmetric unit; 
however, in complex 14a·BPh4 the final parameters obtained were similar to those 
before the corrections, so in the final refinement the uncorrected reflection data was 
used in this case. 
For clarity, along this work, the hydrogen atoms are not showed in any ORTEP 
view of complexes. 
Details of crystal data and structural refinement are given in Tables 10, 11 and 12. 
Table 10. Crystal Data and Structure Refinement Details for Complexes 3·BPh4, 6a and 
9·BPh4. 
 3a·BPh4 6a 9·BPh4 
Empirical formula C48H48BClOPIr  C39H42ClF6IrOP2 C62H59BIrOP 
Formula wt 910.29 930.32 1054.07 
Temp (K) 293(2) 183(2) 173(2) 
Wavelength (Å) 0.71073 0.71073 0.71073 
Cryst syst Monoclinic Monoclinic Triclinic 
Space group P21/n C2/c P–1 
a (Å) 15.8833(14) 40.922(3) 11.9619(8)  
b (Å) 11.0778(10) 12.8637(10) 12.5140(8) 
c (Å) 23.751(2) 14.6334(12) 18.5316(12) 
α (deg) 90 90 73.8360(10) 
β (deg) 94.102(2) 101.3580(10) 87.8390(10) 
γ (deg) 90 90 72.0190(10) 
V (Å3) 4168.4(6) 7552.2(10) 2530.7(3)  
Z 4 8 2 
Density (Mg/m3) 1.451 1.636 1.383  
Abs coeff (mm–1) 3.340 3.751 2.711 
F(000) 1832 3696 1072 
Cryst size (mm) 0.18 × 0.11 × 0.10 0.48 × 0.37 × 0.05 0.43 × 0.31 × 0.29  
θ range for data collection (deg) 1.49–28.01 1.66–28.03 1.79–28.01 
Index ranges −20 ≤ h ≤ 20 –53 ≤ h ≤ 52 –12 ≤ k ≤ 16 
 −14 ≤ k ≤ 10 –15 ≤ k ≤ 16 –23 ≤ l ≤ 24 
                                                            





  −25 ≤ l ≤ 31 –19 ≤ l ≤ 18 –15 ≤ h ≤ 14 
No. of rflns collected 27125 24349 17026 
No. of indep rflns 9959 [R(int) = 0.0971] 8969 [R(int) = 0.0456] 11736 [R(int) = 0.0247] 
No. of rflns obsd (>2σ) 4111 6308 10081 
Data Completeness 0.987 0.979 0.959 
Abs cor Semiempirical from equivalents 
Max. and min. transmission 0.7456 and 0.6484 0.7456 and 0.4464 0.7456 and 0.6256 
Refinement method Full-matrix least-squares on F2 
No. of data / restraints / params 9959 / 0 / 481 8969 / 0 / 460 11736 / 0 / 601 
Goodness of fit on F2 0.959 1.044 1.003 
R indices [I > 2σ(I)] R1 = 0.0513 
wR2 = 0.1058 
R1 = 0.0348 
wR2 = 0.0727 
R1 = 0.0294 
wR2 = 0.0600 
R indices (all data) R1 = 0.1825 
wR2 = 0.1572 
R1 = 0.0703 
wR2 = 0.0883 
R1 = 0.0401 
wR2 = 0.0647 
Largest diff. peak and hole (e.Å–3) 1.006 and −1.885 1.619 and –0.979 1.098 and –0.735 
 
Table 11. Crystal Data and Structure Refinement Details for Complexes 12a·BPh4, 
12b·BPh4, 12b·PF6 and 14a·BPh4. 
 12a·BPh4 12b·BPh4 12b·PF6 14a·BPh4 
Empirical formula C63H61BOPIr C53H57BOPIr C30H39Cl2F6OP2Ir C64H63Cl2BIrOP 
Formula wt 1068.10 943.97 854.65 1153.02 
Temp (K) 293(2) 173(2) 173(2) 173(2) 
Wavelength (Å) 0.71073 0.71073  0.71073  0.71073 
Cryst syst Monoclinic Monoclinic Monoclinic Triclinic 
Space group P21/c P21/c P21/c P–1 
a (Å) 11.5013(9) 13.2756(11) 15.4883(11) 11.775(10) 
b (Å) 18.2927(14) 17.7922(15) 11.4695(8) 12.771(11) 
c (Å) 25.650(2)  18.8274(16) 19.8124(14) 18.188(16)  
α (deg) 90 90 90 85.383(14) 
β (deg) 97.1090(10) 96.711(2) 110.2970(10) 83.328(15) 
γ (deg) 90 90 90 80.927(14 
V (Å3) 5355.0(7) 4416.6(6) 3301.0(4) 2677(4) 
Z 4 4 4 2 
Density (Mg/m3) 1.325  1.420 1.720  1.430  
Abs coeff (mm–1) 2.563 3.097 4.361 2.665 
F(000) 2176 1920 1688 1172 




θ range for data collection (deg) 1.37–28.02 1.54–28.03 1.40–28.02 1.62–28.23 
Index ranges –12 ≤ h ≤ 15 –17 ≤ h ≤ 17 –20 ≤ h ≤ 20 –14 ≤ h ≤ 15 
 –22 ≤ k≤ 23 –23 ≤ k ≤ 23 –15 ≤ k ≤ 14 –16 ≤ k ≤ 16 
 –33 ≤ l ≤ 32 –24 ≤ l ≤ 24 –26 ≤ l ≤ 25 –20 ≤ l ≤ 24 
No. of rflns collected 34914 28713 30173 12140 
No. of indep rflns 12644 
[R(int) = 0.0493] 
9861 
[R(int) = 0.0979] 
7928 
[R(int) = 0.0516] 
8805 
[R(int) = 0.1341] 
No. of rflns obsd (>2σ) 8908 5971 5926 3711 
Data Completeness 0.977 0.921 0.992 0.666 
Abs cor Semiempirical from equivalents 
Max. and min. transmission 0.7456 and 0.5445 0.7456 and 0.6401 0.7456 and 0.4643 0.7456 and 0.3960 
Refinement method Full-matrix least-squares on F2 
No. of data / restraints / params 12644 / 0 / 611 9861 / 0 / 512 7928 / 0 / 388 8805 / 0 / 315 
Goodness of fit on F2 0.966 0.951 1.039 1.014 
R indices [I > 2σ(I)] R1 = 0.0355 
wR2 = 0.0714 
R1 = 0.0506 
wR2 = 0.0923 
R1 = 0.0315 
wR2 = 0.0635 
R1 = 0.1351 
wR2 = 0.2912 
R indices (all data) R1 = 0.0609 
wR2 = 0.0784 
R1 = 0.1099 
wR2 = 0.1144 
R1 = 0.0572 
wR2 = 0.0725 
R1 = 0.2161 
wR2 = 0.3228 
Largest diff. peak and hole (e.Å–3) 1.596 and –1.037 1.551 and –1.816 1.686 and –1.450 2.864 and –3.583 
 
Table 12. Crystal Data and Structure Refinement Details for Complexes 15a, 16a, 16b 
and 26B·BPh4. 
 15a 16a 16b 26B·BPh4 
Empirical formula C29H38ClF6IrOP2 C58H74F12O2P4Ir2 C19H33F6OP2Ir C54H58BCl2NO3PIr 
Formula wt 806.18 1539.45 645.59 1073.89 
Temp (K) 100(2) 100(2) 100(2) 100(2) 
Wavelength (Å) 0.71073 0.71073 0.71073 0.71073 
Cryst syst Orthorhombic Monoclinic Monoclinic Monoclinic 
Space group Pbca P21/c P21/n P21/n 
a (Å) 19.682(2) 16.486(3) 13.185(11) 18.696(2) 
b (Å) 14.4566(17) 18.667(4) 12.282(11) 11.6073(14) 
c (Å) 20.905(3) 19.250(4) 14.850(13) 24.032(3) 
α (deg) 90 90 90 90 
β (deg) 90 93.303(4) 103.214(15) 112.526(2) 
γ (deg) 90 90 90 90 
V (Å3) 5948.3(12) 5914(2) 2341(3) 4817.2(10) 





Density (Mg/m3) 1.800 1.729 1.832 1.481 
Abs coeff (mm–1) 4.747 4.683 5.895 2.960 
F(000) 3184 3040 1264 2176 
Cryst size (mm) 0.32 × 0.20 × 0.10 0.48 × 0.23 × 0.19 0.37 × 0.19 × 0.14 0.29 × 0.24 × 0.19 
θ range for data collection (deg) 1.95–28.03 1.52–28.04 1.87–25.22 2.36–28.09 
Index ranges –25 ≤ h ≤ 25 –21 ≤ h ≤ 21 –15 ≤ h ≤ 15 –24 ≤ h ≤ 24 
 –19 ≤ k ≤ 19 –24 ≤ k ≤ 24 –14 ≤ k ≤ 14 –15 ≤ k ≤ 15 
 –27 ≤ l ≤ 27 –25 ≤ l ≤ 24 –17 ≤ l ≤ 17 –31 ≤ l ≤ 31 
No. of rflns collected 52831 52415 16536 82883 
No. of indep rflns 7173 
[R(int) = 0.1038] 
14190 
[R(int) = 0.0609] 
4148 
[R(int) = 0.0754] 
11700 
[R(int) = 0.0593] 
No. of rflns obsd (>2σ) 3366 11230 3287 9026 
Data Completeness 0.997 0.989 0.979 0.997 
Abs cor Semi-empirical from equivalents 
Max. and min. transmission 0.5318 and 0.7456 0.7456 and 0.5619 0.7456 and 0.2633 0.4309 and 0.3395 
Refinement method Full-matrix least-squares on F2 
No. of data / restraints / params 7173/0/420 14190/0/719 4148/0/251 11700/0/577 
Goodness of fit on F2 1.027 1.051 1.059 1.084 
R indices [I > 2σ(I)] R1 = 0.0537  
wR2 = 0.1040 
R1 = 0.0459  
wR2 = 0.1279 
R1 = 0.0394  
wR2 = 0.0931 
R1 = 0.0347 
wR2 = 0.0668 
R indices (all data) R1 = 0.1442  
wR2 = 0.1515 
R1 = 0.0633 
wR2 = 0.1372 
R1 = 0.0583 
wR2 = 0.1060 
R1 = 0.0599 
wR2 = 0.0784 
Largest diff. peak and hole (e.Å–3) 2.485 and –3.069 2.615 and –1.572 3.322 and –2.846 5.259 and –3.510 
5. Synthesis and Characterization of new Complexes 
Preparation of [IrCp*(H)2(PPh2Me)](1) 
An orange solution of [IrCp*Cl2(PPh2Me)] (515 mg, 0.861 mmol) in 15 mL of 
toluene was treated with Red-Al (1.5 mL, 6 equiv). The reaction mixture was stirred for 
15 min at room temperature. After that, the solvent was vacuum-removed and the 
resulting “gum” was dissolved in hexane/THF (5:1 v/v). This solution was filtered 
through a silica column using hexane/THF (5:1 v/v) as eluent. The solvent was vacuum-






Yield: 168 mg (37%). 
Anal. Calcd. for C23H30IrP (529.68 g/mol): C 52.15, H 5.71; 
found: C 52.51, H 5.83. 
MS (m/z): 527.14709 [M–2H]+. 
IR (cm−1): ν (Ir–H) 2109 (m), 1922 (m). 
T1(min): 459 ms (200 K). 
1H NMR: δ −17.83 (d, 2H, 2JHP = 31.4 Hz, Ir–H); 1.91 (d, 15H, 4JHP = 2.0 Hz, 
C5(CH3)5); 2.11 (d, 3H, 2JHP = 9.6 Hz, PPh2CH3); 7.25–7.38 (m, 6H, PPh2CH3); 7.47–
7.55 (m, 4H, PPh2CH3) ppm. 
31P{1H} NMR: δ –5.57 (s, PPh2CH3) ppm. 
13C{1H} NMR: δ 10.9 (s, C5(CH3)5); 24.7 (d, 1JCP = 41.9 Hz, PPh2CH3); 92.3 (d, 2JCP 
= 3.0 Hz, C5(CH3)5); 127.9 (d, 3JCP = 9.9 Hz, PPh2Me); 129.4 (d, 4JCP = 2.3 Hz, 
PPh2Me); 132.6 (d, 2JCP = 10.9 Hz, PPh2Me); 139.3 (d, 1JCP = 51.4 Hz, PPh2Me) ppm. 
Preparation of [IrCp*(H)2(PTA)] (2) 
Method a): A yellow solution of [IrCp*Cl2(PTA)] (300 mg, 0.540 mmol) in 15 mL 
of toluene was treated with Red-Al (2.5 mL, 15 equiv). The reaction mixture was stirred 
for 2 h at room temperature. Solvent was vacuum-removed and the resulting oil was 
dissolved in hexane/THF (5:1 v/v). This solution was filtered through a silica column 
using methanol as eluent. After that, the solvent was vacuum-removed and the light 
brown solid obtained was washed with pentane (3 × 5 mL) and dried under vacuum. 
Method b): [IrCp*Cl2(PTA)] (300 mg, 0.540 mmol) was added to a vigorously 
stirred solution of sodium methoxide prepared by dissolving sodium (150 mg, 12.75 
equiv) in 25 mL of methanol. The solution was allowed to react for 2 h at reflux 
temperature, and then, the solvent was vacuum removed. The residue obtained was 
dissolved in toluene (20 mL) and filtered through a Celite® column. The solvent was 
vacuum-removed again and the brown solid obtained was washed with pentane (3 × 5 







Yield (method a): 126 mg (49%). 
Yield (method b): 150 mg (57%). 
Anal. Calcd for C16H29N3IrP (486.62 g/mol): C 39.49, H 6.01, N 
8.64; found: C 39.93, H 6.07, N 8.69. 
MS (m/z): 486.17759 [M]+. 
IR (cm−1): ν (Ir–H) 2095 (s), 1896 (s). 
T1(min): 647 ms (209 K). 
1H NMR (C6D6): δ −17.91 (d, 2H, 2JHP = 32.5 Hz, Ir–H); 2.11 (d, 15H, 4JHP = 0.6 
Hz, C5(CH3)5); 3.63 (s, 6H, PCH2N); 3.99–4.34 (AB system, 6H, NCH2N) ppm. 
31P{1H} NMR (C6D6): δ –68.29 (s, P–PTA) ppm. 
13C{1H} NMR (C6D6): δ 11.9 (s, C5(CH3)5); 59.2 (d, 1JCP = 25.1 Hz, PCH2N); 73.6 
(d, 3JCP = 7.0 Hz, NCH2N); 92.3 (s, C5(CH3)5) ppm. 
Preparation of [IrCp*H(CO)(PPh2Me)]PF6 
A green solution of the mixture obtained in the reaction between 
[IrCp*Cl2(PPh2Me)] with NaOMe (Chapter 1, pages 25–26) in 5 mL of methanol was 
treated with NaPF6. The reaction mixture was stirred for 15 min. After that, the solvent 
was vacuum removed and the resulting oil was dissolved in CH2Cl2. This solution was 
filtered, the solvent was vacuum-removed and the red oil obtained was treated with 
pentane (3 × 2 mL) and finally dried under vacuum. 
C24H29OIrP: 556.69 g/mol. 
IR (cm−1): ν (Ir–H) 2115 (w), 1979 (w); (CO) 2034 (s); 
(PF6) 840 (s).  
1H NMR: δ −14.71 (d, 1H, 2JHP = 27.4 Hz, Ir–H); 1.99 
(dd, 15H, 4JHP = 2.2 Hz, 4JHH = 1.0 Hz, C5CH3); 2.38 (d, 
3H, 2JHP = 10.8 Hz, PPh2CH3); 7.40–7.64 (m, 10H, PPh2CH3) ppm. 
31P{1H} NMR: δ −144.15 (hept, 1JPF  = 711.0 Hz, PF6); −9.81 (s, PPh2CH3) ppm. 
13C{1H} NMR: δ 9.8 (s, C5(CH3)5); 20.1 (d, 1JCP = 44.9 Hz, PPh2CH3); 102.7 (d, 
2JCP = 1.5 Hz, C5(CH3)5); 128.2 (d, 1JCP = 63.0 Hz, PPh2Me); 129.8 (d, 2JCP = 9.1 Hz, 









(d, JCP = 3.0 Hz, PPh2Me); 132.2 (d, JCP = 3.0 Hz, PPh2Me); 132.8 (d, JCP = 3.0 Hz, 
PPh2Me); 133.0 (d, JCP = 3.0 Hz, PPh2Me; 166.5 (d, 2JCP = 10.0 Hz, CO) ppm. 
Preparation of [IrCp*Cl(CO)(PPh2Me)]Cl (3) 
A nitrogen-purged orange solution of [IrCp*Cl2(PPh2Me)] (100 mg, 0.167 mmol) in 
15 mL of methanol was placed in a Schlenk flask equipped with a Teflon stopcock 
under an atmosphere of CO (PCO = 1 atm). The Schlenk tube was tightly closed and 
heated at 348 K for 90 minutes. Removal of the solvent under vacuum and precipitation 
of the residue with Et2O (3 × 5 mL) gave a yellow solid. The solid was finally dried 
under vacuum. 
Yield: 80 mg (75%). 
Anal. Calcd for C24H28OCl2IrP (626.68 g/mol): C 45.96, H 
4.47; found: C 45.72, H 4.50. 
IR (cm−1): ν (CO) 2042 (s). 
1H NMR: δ 1.85 (d, 15H, 4JHP = 2.4 Hz, C5(CH3)5); 2.54 (d, 
3H, 2JHP = 11.2 Hz, PPh2CH3); 7.50–7.68 (m, 10H, PPh2CH3) ppm. 
31P{1H} NMR: δ –12.26 (s, PPh2CH3) ppm. 
13C{1H} NMR: δ 9.4 (s, C5(CH3)5); 15.1 (d, 1JCP = 42.6 Hz, PPh2CH3); 105.6 (s, 
C5(CH3)5); 127.6 (d, 1JCP = 61.8 Hz, PPh2Me); 129.0 (d, 1JCP = 61.7 Hz, PPh2Me); 
129.4–129.8 (PPh2Me); 132.6–133.3 (PPh2Me); 166.1 (d, 2JCP = 14.3 Hz, CO) ppm. 
A metathesis reaction carried out by dissolving complex 3 in warm MeOH with an 
excess of NaBPh4 yielded complex 3·BPh4. Yellow crystals of 3·BPh4 were obtained by 
slow evaporation of the solvent. 
1H NMR: δ 1.66 (d, 15H, 4JHP = 2.4 Hz, C5(CH3)5); 2.32 (d, 
3H, 2JHP = 11.2 Hz, PPh2CH3); 6.80–6.89 (m, 4H, BPh4); 
6.99 (t, 8H, 3JHB = 7.4 Hz, BPh4); 7.25–7.34 (m, 8H, BPh4); 
7.44–7.71 (m, 10H, PPh2CH3) ppm. 












Preparation of [IrCp*H3(PPh2Me)]BF4 (4) 
A brown solution of 1 (130 mg, 0.245 mmol) in 4 mL of diethyl ether was cooled in 
an ice bath and then HBF4·Et2O (35.9 μL, 0.295 mmol) was added. Immediately, a 
brown solid appeared. This solid was separated by decantation, washed with diethyl 
ether (3 × 2 mL) and dried under vacuum. 
Yield: 109 mg (70%). 
Anal. Calcd for C23H31BF4IrP (617.50 g/mol): C 44.74, H 
5.06; found: C 44.55, H 5.13. 
MS (m/z): 527.14705 [M–H3]+4. 
IR (cm−1): ν (Ir–H) 2143 (m), 2101 (m). 
T1(min): 137 ms (204 K) and 151 ms (206 K). 
1H NMR: δ –13.01 (d, 3H, 2JHP = 9.2 Hz, Ir–H); 2.05 (d, 15H, 4JHP = 1.7 Hz, 
C5(CH3)5); 2.35 (d, 3H, 2JHP = 10.9 Hz, PPh2CH3); 7.40–7.50 (m, 4H, PPh2CH3); 7.50–
7.57 (m, 6H, PPh2CH3) ppm. 
31P{1H} NMR: δ –8.30 (s, PPh2CH3) ppm. 
13C{1H} NMR: δ 10.1 (s, C5(CH3)5); 22.2 (d, 1JCP = 46.6 Hz, PPh2CH3); 103.7 (s, 
C5(CH3)5); 129.5 (d, 2JCP = 11.6 Hz, PPh2Me); 131.3 (d, 1JCP = 65.9 Hz, PPh2Me); 131.9 
(d, 3JCP = 10.9 Hz, PPh2Me); 132.6 (d, 4JCP = 2.8 Hz, PPh2Me) ppm. 
Preparation of [IrCp*Cl(NCMe)(PPh2Me)]PF6 (5a) 
An orange solution of [IrCp*Cl2(PPh2Me)] (500 mg, 0.836 mmol) in acetonitrile 
(25 mL) was treated with thallium (I) hexafluorophosphate (391 mg, 1.09 mmol). The 
reaction mixture was stirred for 50 min at room temperature, and then was filtered 
through Celite® to give a yellow solution. Solvent was vacuum-removed and the solid 
obtained was redissolved in dichloromethane. The solution was filtered through Celite® 
again and the solvent was vacuum-removed to yield a yellow solid that was washed 






Yield: 600 mg (96%). 
C25H31NClF6IrP2:749.14 g/mol. 
MS (m/z): 563.12296 [M–MeCN]+.  
IR (cm–1): ν (CN) 2324 (w), 2296 (w); (PF6) 841 (s). 
1H NMR: δ 1.54 (d, 15H, 4JHP = 2.4 Hz, C5(CH3)5); 2.31 
(d, 3H, 2JHP = 10.8 Hz, PPh2CH3); 2.39 (s br, 3H, NCCH3); 
7.45–7.70 (m, 10H, PPh2CH3) ppm. 
31P{1H} NMR: δ –144.10 (sept, 1JPF  = 710.8 Hz, PF6); –9.75 (s, PPh2CH3) ppm. 
13C{1H} NMR: δ 4.0 (s, NCCH3); 8.7 (s, C5(CH3)5); 13.2 (d, 1JCP = 40.8 Hz, 
PPh2CH3); 95.4 (d, 2JCP = 2.4 Hz, C5(CH3)5); 121.2 (s, NCCH3); 128.6–133.9 (PPh2Me) 
ppm. 
Preparation of [IrCp*Cl(NCMe)(PMe3)]PF6 (5b) 
An orange solution of [IrCp*Cl2(PMe3)] (450 mg, 0.949 mmol) in acetonitrile (25 
mL) was treated with thallium (I) hexafluorophosphate (405 mg, 1.14 mmol). The 
mixture was stirred for 50 min at room temperature and filtered through Celite®. The 
solvent was vacuum-concentrated and the yellow solid obtained was redissolved in 
dichloromethane and filtered through Celite®. After evaporation of the solvent under 
vacuum the solid was washed with diethyl ether (3 × 5 mL) and dried under vacuum. 
Yield: 550 mg (93%). 
C15H27NClF6IrP2: 625.00 g/mol. 
MS (m/z): 480.11940 [M]+; 439.09264 [M–MeCN]+. 
IR (cm–1): ν (CN) 2289 (w), 2321 (w); (PF6) 840 (s). 
1H NMR: δ 1.69 (d, 9H, 2JHP = 11.4 Hz, P(CH3)3); 1.76 (d, 
15H, 4JHP = 2.4 Hz, C5(CH3)5); 2.67 (s br, 3H, NCCH3) ppm. 
31P{1H} NMR: δ –144.51 (sept, 1JPF = 712.3 Hz, PF6); –25.63 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 4.3 (s, NCCH3), 9.1 (s, C5(CH3)5); 13.7 (d, 1JCP = 39.6 Hz, 







In Situ NMR Formation of [IrCp*Cl{=C=C=CPh2}(PPh2Me)]PF6 (A) 
A yellow solution of 5a (31 mg, 0.042 mmol) in dichloromethane-d2 (600 µL) was 
placed in an NMR tube, and a solution of 1,1-diphenyl-2–propyn-1-ol (34.6 mg, 0.168 
mmol) in dichloromethane-d2 (50 µL) was added through the serum cap via a 
microsyringe at 243 K; immediately a change of colour to purple was observed. Once 
the NMR study was completed, the solvent was removed and the residue was used to 
prepare the KBr pellet to record the IR spectrum. 
C38H38ClF6IrP2: 898.33 g/mol 
IR (cm–1): ν (=C=C=C) 1989 (w). 
1H NMR (243 K): δ 1.63 (s, 15H, C5(CH3)5); 2.29 
(d, 3H, 2JHP = 11.5 Hz, PPh2CH3); 7.22–7.97 (m, 
Ph) ppm. 
31P{1H} NMR (243 K): δ –144.27 (sept, 1JPF  = 
711.5 Hz, PF6); –3.93 (s, PPh2CH3) ppm. 
13C{1H} NMR (243 K): δ 8.7 (s, C5(CH3)5); 15.7 (d, 1JCP = 42.0 Hz, PPh2CH3); 
103.9 (d, 2JCP = 2.0 Hz, C5(CH3)5); 124.7–135.6 (Ph); 169.4 (s, Cβ); 175.3 (s, Cγ); 238.7 
(d, 2JCP = 16.3 Hz, Cα) ppm. 
Preparation of [IrCp*Cl{=C(OMe)CH=CPh2}(PPh2Me)]PF6 (6a) 
When 1,1-diphenyl-2-propyn-1-ol (93 mg, 0.44 mmol) was added to a yellow 
solution of 5a (294 mg, 0.392 mmol) in methanol (10 mL) the mixture immediately 
turned purple. After 20 min of stirring at room temperature, an orange suspension was 
obtained. This suspension was concentrated to ca. 4 mL yielding an orange solid that 
was separated by decantation, washed with pentane (5 × 8 mL) and dried under vacuum. 
Recrystallization of this complex from a mixture of CH2Cl2/MeOH (1:1 v/v) yielded red 







Yield: 292 mg (80%). 
Anal. Calcd for C39H42OClF6IrP2 (930.37 g/mol): C 50.35, 
H 4.55; found: C, 50.43, H 4.59. 
MS (m/z): 785.22804 [M]+. 
IR (cm–1): ν (PF6) 845 (s). 
1H NMR: δ 1.53 (d, 15H, 4JHP = 2.0 Hz, C5(CH3)5); 2.41 
(d, 3H, 2JHP = 10.5 Hz, PPh2CH3); 3.91 (s, 3H, OCH3); 
5.37 (s br, 1H, CβH); 6.68–6.76 (m, 2H, CPh2); 6.93–7.00 
(m, 2H, CPh2); 7.21–7.29 (m, 2H, CPh2); 7.35–7.44 (m, 3H, CPh2); 7.45–7.54 (m, 5H, 
CPh2 + PPh2CH3); 7.54–7.67 (m, 6H, PPh2CH3) ppm. 
31P{1H} NMR: δ –144.11 (sept, 1JPF  = 710.6 Hz, PF6); –14.97 (s, PPh2CH3) ppm. 
13C{1H} NMR: δ 8.9 (d, 3JCP = 0.9 Hz, C5(CH3)5); 13.6 (d, 1JCP = 43.2 Hz, 
PPh2CH3); 69.6 (s, OCH3); 101.2 (d, 2JCP = 1.9 Hz, C5(CH3)5); 128.8 (s, 2C CPh2); 
129.4 (s, 1C CPh2); 129.4 (s, PPh2Me); 129.4 (s, PPh2Me); 129.5 (s, 1C CPh2); 129.5 
(s, 2C CPh2); 129.5 (s, 1C CPh2); 129.6 (s, 1C CPh2); 130.6 (d, 1JCP = 57.5 Hz, 
PPh2Me); 130.6 (s, 1C CPh2); 130.8 (s, 1C CPh2); 130.9 (d, 1JCP = 58.2 Hz, PPh2Me); 
132.2 (d, 3JCP = 2.8 Hz, PPh2Me); 132.3 (d, 3JCP = 2.8 Hz, PPh2Me); 132.8 (d, 2JCP = 
9.4 Hz, PPh2Me); 133.3 (d, 2JCP = 9.4 Hz, PPh2Me); 136.6 (s, Cβ); 139.5 (s, Cipso–Ph); 
139.8 (s, Cipso–Ph); 148.6 (s, Cγ); 263.3 (s br, Cα) ppm. 
Preparation of [IrCp*Cl{=C(OMe)CH=CPh2}(PMe3)]PF6 (6b) 
To a yellow solution of 5b (550 mg, 0.880 mmol) in methanol (20 mL), 1,1-
diphenyl-2-propyn-1-ol (220 mg, 1.06 mmol) was added and the mixture was stirred for 
40 min at room temperature. The orange solution obtained was concentrated to ca. 2 mL 
yielding an orange solid that was separated by decantation, washed with pentane (5 × 4 









Yield: 550 mg (78%). 
Anal. Calcd for C29H38OClF6IrP2 (806.23 g/mol): C 43.20, 
H 4.75; found: C 43.95, H 4.80. 
MS (m/z): 661.19945 [M]+. 
IR (cm–1): ν (PF6) 839 (s). 
1H NMR: δ 1.70 (d, 9H, 2JHP = 10.9 Hz, P(CH3)3); 1.78 (d, 
15H, 4JHP = 2.2 Hz, C5(CH3)5); 4.11 (s, 3H, OCH3); 7.10–
7.14 (m, 2H, Ph2); 7.31 (s, 1H, CβH); 7.37–7.54 (m, 8H, 
Ph2) ppm. 
31P{1H} NMR: δ –144.17 (sept, 1JPF = 710.5 Hz, PF6); –30.40 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.3 (s, C5(CH3)5); 15.1 (d, 1JCP = 40.7 Hz, P(CH3)3); 68.5 (s, 
OCH3); 99.3 (d, 2JCP = 2.5 Hz, C5(CH3)5); 128.9 (s, 2C Ph); 129.1 (s, 2C Ph); 129.5 (s, 
2C Ph); 129.9 (s, 1C Ph); 130.0 (s, 2C Ph); 131.8 (s, 1C Ph); 138.4 (s, Cβ); 139.3 (s, 
Cipso); 140.3 (s, Cipso); 153.4 (s, C); 262.3 (d, 2JCP = 10.5 Hz, Cα) ppm. 
Preparation of [IrCp*Cl{C(OMe)=C=CPh2}(PPh2Me)] (7) 
KtBuO (63 mg, 0.54 mmol) was added to an orange solution of 6a (100 mg, 0.107 
mmol) in dichloromethane (15 mL). The reaction mixture was stirred for 30 min at 
room temperature, and then, it was filtered through Celite®. The solvent of the brown 
filtrate was vacuum-removed giving an oil, which was treated with diethyl ether. The 
brown solid formed was separated by decantation, washed with diethyl ether (3 × 2 mL) 
and dried under vacuum. 
Yield: 51 mg (60%). 
Anal. Calcd for C39H41OClIrP (784.40 g/mol): C 59.72, H 5.27; 
found: C 59.89, H 5.35. 
MS (m/z): 785.22805 [M+1]+. 
IR (cm–1): ν (C=C=C) 1889 (w). 
1H NMR: δ 1.38 (d, 15H, 4JHP = 2.1 Hz, C5(CH3)5); 2.18 (d, 3H, 
2JHP = 9.8 Hz, PPh2CH3); 3.59 (s br, 3H, OCH3); 6.94–7.81 (m, 
20H, Ph) ppm. 




13C{1H} NMR: δ 8.7 (s, C5(CH3)5); 15.1 (d, 1JCP = 39.5 Hz, PPh2CH3); 59.1 (s, 
OCH3); 94.8 (d, 2JCP = 2.6 Hz, C5(CH3)5); 112.5 (s, Cγ); 123.0 (d, 2JCP = 17.7 Hz, Cα); 
125.6 (s, 1C CPh2); 126.1 (s, 1C CPh2); 127.8 (s, 2C CPh2); 127.9 (s, PPh2Me); 128.0 
(s, 2C CPh2); 128.1 (s, PPh2Me); 128.9 (s, 2C CPh2); 129.7 (s, 2C CPh2); 130.1 (d, 3JCP 
= 2.5 Hz, PPh2Me); 130.2 (d, 3JCP = 2.5 Hz, PPh2Me); 133.3 (d, 2JCP = 9.5 Hz, 
PPh2Me); 133.9 (d, 1JCP = 52.2 Hz, PPh2Me); 134.4 (d, 2JCP = 10.0 Hz, PPh2Me); 135.3 
(d, 1JCP = 52.2 Hz, PPh2Me); 140.8 (s, Cipso–Ph); 142.6 (s, Cipso–Ph); 197.0 (s, Cβ) ppm. 
Preparation of [IrCp*Cl{C(O)CH=CPh2}(PPh2Me)] (8) 
An orange solution of 6a (900 mg, 0.967 mmol) in dichloromethane (20 mL) was 
treated with amine (1.16 mmol). The solution was stirred five minutes at room 
temperature, and then, the solvent was vacuum-removed obtaining orange oil. This oil 
was treated with C6H6 to extract the ammonium salts obtained in this reaction. The 
ammonium salts are insoluble in this media being the acyl complex 8 totally soluble. 
The solvent of the orange solution was vacuum-removed giving a yellow solid that was 
washed with methanol (3 × 6 mL) and dried under vacuum. 
Yield: 350 mg (47%). 
Anal. Calcd for C38H39OClIrP (770.37g/mol): C 59.25, H 5.10; 
found: C 59.44, H 5.20. 
MS (m/z): 771.21392 [M+1]+; 735.23757 [M–Cl]+. 
IR (cm–1): ν (CO) 1577 (s). 
1H NMR (C6D6): δ 1.27 (d, 15H, 4JHP = 1.9 Hz, C5(CH3)5); 1.88 
(d, 3H, 2JHP = 10.4 Hz, PPh2CH3); 6.95–7.10 (m, 10H, PPh2Me + 
CPh2); 7.19–7.24 (m, 2H, CPh2); 7.54–7.73 (m, 8H, PPh2Me + 
CPh2); 7.67 (s, 1H, CβH) ppm. 
31P{1H} NMR (C6D6): δ –10.88 (s, PPh2CH3) ppm. 
13C{1H} NMR (C6D6): δ 8.4 (s, C5(CH3)5); 14.0 (d, 1JCP = 39.2 Hz, PPh2CH3); 95.3 
(d, 2JCP = 2.8 Hz, C5(CH3)5); 127.2 (s, 1C CPh2); 127.3 (s, 2C CPh2); 127.6–128.4 
(some signals are overlapped with solvent signal); 128.4 (s, 2C CPh2); 129.5 (s, 2C 
CPh2); 129.9 (d, 3JCP = 2.4 Hz, PPh2Me); 130.2 (d, 3JCP = 2.4 Hz, PPh2Me); 131.8 (s, 





(d, 2JCP = 9.8 Hz, PPh2Me); 134.6 (d, 1JCP = 53.4 Hz, PPh2Me); 136.5 (s, Cγ); 141.1 (s, 
Cipso–Ph); 143.2 (d, 3JCP = 2.6 Hz, Cβ); 144.9 (s, Cipso–Ph); 219.0 (d, 2JCP = 13.0 Hz, Cα) 
ppm. 
The 1H NMR experiment of the isolated solid (the ammonium salts) in 
dichloromethane shows different groups of signals, in agreement with the presence of a 
mixture of ammonium salts. Thus, when Et3N was used, the formation of [Et3NMe]PF6 
was observed and when Et2NH was used, a mixture (~60:40 mole ratio) of 
[Et2NH(CH3)]PF6 and [Et2N(CH3)2]PF6 was observed. 
[Et3NMe]PF6: δ 1.32 (t, 9H, 3JHH = 7.3 Hz, CH3); 2.89 (s, 3H, CH3); 3.25 (q, 6H, 
3JHH = 7.3 Hz, CH2) ppm. 
[Et2NH(CH3)]PF6: δ 1.21 (t, 6H, 3JHH = 7.2 Hz, CH3); 2.34 (s, 3H, NCH3); 2.81 (q, 
4H, 3JHH = 7.1 Hz, CH2), 6.37 (s br, 1H, NH) ppm  
[Et2N(CH3)2]PF6: δ 1.30 (t, 6H, 3JHH = 7.3 Hz, CH3); 2.94 (s, 6H, NCH3); 3.25 (q, 
4H, 3JHH = 7.3 Hz, CH2) ppm. 
Preparation of [IrCp*{CH=CPh2}(CO)(PPh2Me)]PF6 (9) 
An orange solution of 8 (100 mg, 0.130 mmol) in methanol (5 mL) was stirred for 
24 hours at room temperature. Then, the solvent was vacuum removed yielding a white 
precipitate which was washed with pentane (3 × 3 mL) and finally, dried under vacuum. 
Treating complex 9 with NaPF6 or NaBPh4 in methanol produced the corresponding 
anion interchange. In the case of BPh4
– monocrystals of 9·BPh4 adequate for X-ray 
diffraction analysis were obtained. The PF6









Yield: 97 mg (85%). 
Anal. Calcd for C38H39OF6IrP2 (879.88 g/mol): C 51.87, H 
4.47; found: C 51.92, H 4.50. 
MS (m/z): 735.23581 [M]+. 
IR (cm–1): ν (CO) 2035 (s); (PF6) 840 (s). 
1H NMR: δ 1.83 (d, 15H, 4JHP = 2.3 Hz, C5(CH3)5); 2.33 (d, 
3H, 2JHP = 10.5 Hz, PPh2CH3); 6.55–6.61 (m, 2H, CPh2); 
7.02 (d, 1H, 3JHP = 8.8 Hz, CαH); 7.09–7.14 (m, 2H, CPh2); 7.18–7.32 (m, 8H, CPh2 + 
PPh2CH3); 7.42–7.58 (m, 5H, PPh2CH3); 7.62–7.73 (m, 3H, PPh2CH3) ppm. 
31P{1H} NMR: δ –143.94 (sept, 1JPF = 710.4 Hz, PF6); –13.84 (s, PPh2CH3) ppm. 
13C{1H} NMR: δ 9.0 (s, C5(CH3)5); 14.1 (d, 1JCP = 44.5 Hz, PPh2CH3); 103.8 (d, 
2JCP = 1.7 Hz, C5(CH3)5); 115.1 (d, 2JCP = 13.9 Hz, Cα); 126.9 (s, 2C CPh2); 127.2 (s, 
1C CPh2); 127.5 (d, 1JCP = 60.6 Hz, PPh2Me); 128.1 (s, 1C CPh2); 128.7 (s, 2C CPh2); 
128.9 (s, 2C CPh2); 129.5 (d, 2JCP = 11.4 Hz, PPh2Me); 130.0 (d, 2JCP = 11.3 Hz, 
PPh2Me); 130.1 (s, 2C CPh2); 132.2 (d, 3JCP = 10.0 Hz, PPh2Me); 132.4 (d, 3JCP = 10.0 
Hz, PPh2Me); 132.7 (d, 4JCP = 2.8 Hz, PPh2Me); 133.4 (d, 4JCP = 2.8 Hz, PPh2Me); 
144.3 (s, Cipso–Ph); 146.0 (s, Cipso–Ph); 152.1 (s, Cβ); 165.3 (d, 2JCP =13.7 Hz, CO) ppm. 
Preparation of [IrCp*Cl{=C(OH)CH=CPh2}(PPh2Me)]OCF3SO3 (10) 
To an orange solution of 8 (120 mg, 0.156 mmol) in dichloromethane (5 mL), 
trifluoromethanesulfonic acid (17 µL, 0.19 mmol) was added and the mixture was 
stirred for 5 min at room temperature. The red solution obtained was vacuum-
concentrated yielding a red oil that was treated with pentane (4 × 4 mL). Finally, the red 
solid obtained was dried under vacuum. 
Yield: 128 mg (87%).  
C39H40O4SClF3IrP: 920.45 g/mol. 
MS (m/z): 771.21 [M]+, 735.24 [M–Cl]+2. 
IR (cm–1): ν (OH) 3443 (w br). 
1H NMR: δ 1.66 (d, 15H, 4JHP = 1.9 Hz, C5(CH3)5); 
2.26 (d, 3H, 2JHP = 10.2 Hz, PPh2CH3); 7.03–7.10 (m, 





PPh2CH3 + CPh2) ppm. 
31P{1H} NMR: δ –12.43 (s, PPh2CH3) ppm. 
19F{1H} NMR: δ –78.92 (s, CF3SO3) ppm. 
13C{1H} NMR: δ 8.8 (s, C5(CH3)5); 13.8 (d, 1JCP = 39.6 Hz, PPh2CH3); 99.5 (s, 
C5(CH3)5); 133.7 (s, Cβ); 159.5 (s, Cγ) ppm; the other resonances were not assigned due 
to the instability of the compound. 
Formation of 1,1-Diphenylethene and 3-Methyl-1,1,3-triphenylindane 
1,1-Diphenylethene: To an orange solution of 8 (70 mg, 0.092 mmol) in 
dichloromethane-d2 (0.5 mL) was added trifluoromethanesulfonic acid (9.4 µl, 0.10 
mmol). In the 1H and 31P{1H} NMR experiments was observed the formation of 10, 
which in this acid media yielded, after two hours, a new organometallic compound and 
an organic substrate. The NMR data indicate that the organometallic complex is 3·OTf 
and the organic compound is 1,1-diphenylethene. 
1H NMR: δ 5.47 (s, 2H, CH2); 7.31–7.36 (m, 10H, Ph2) ppm. 
13C{1H} NMR: δ 114.5 (s, CH2); 128.1 (s, 1C Ph); 128.5 (s, 2C 
Ph); 128.6 (s, 2C Ph); 141.9 (s, Cipso); 150.6 (s, Cipso) ppm. 
 
3-Methyl-1,1,3-triphenylindane: Trifluoromethanesulfonic acid (34 µl, 0.36 
mmol) was added to an orange solution of 8 (70 mg, 0.092 mmol) in dichloromethane 
(4 mL), and the mixture was stirred at room temperature overnight obtaining a brown 
solution. After the solvent was removed under reduced pressure, a brown oil was 
obtained. This oil was treated with diethylether giving a solid, which was filtrated and 
washed with pentane (2 × 2 mL). This solid was characterized as complex 3·OTf. On 
the other hand, the diethylether solution was passed through a silica column giving a 
brown oil that was identified as 3-methyl-1,1,3-triphenylindane. 
1H NMR: δ 1.56 (s, 3H, CH3); 3.13 (d, 1HA, system AB, 2JHH = 13.4 
Hz CH2); 3.39 (d, 1HB, system AB, 2JHH = 13.4 Hz, CH2); 7.00–7.36 
(m, 19H, Ph + C6H4) ppm. 




(s, CH2); 125.4, 125.9, 126.0, 126.4, 127.3, 127.9, 128.2, 128.3, 129.0, 129.1 (all s, Ph 
+ C6H4); 148.0 (s, Cipso); 149.0 (s, Cipso); 149.2 (s, CCPhMe); 149.8 (s, Cipso); 150.9 (s, 
CCPh2) ppm. 
NMR Data for 3·OTf: 
1H NMR: δ 1.80 (d, 15H, 4JHP = 2.5 Hz, C5(CH3)5); 
2.44 (d, 3H, 2JHP = 11.2 Hz, PPh2CH3); 7.50–7.70 (m, 
10H, PPh2CH3) ppm. 
31P{1H} NMR: δ –12.08 (s, PPh2CH3) ppm. 
19F{1H} NMR: δ –78.92 (s, CF3SO3) ppm. 
13C{1H} NMR:  9.2 (s, C5(CH3)5); 15.0 (d, 1JCP = 42.9 
Hz, PPh2CH3); 105.9 (d, 2JCP = 1.6 Hz, C5(CH3)5); 129.2 (d, 1JCP = 61.8 Hz, PPh2Me); 
129.7 (d, 2JCP = 11.4 Hz, PPh2Me); 129.8 (d, 2JCP = 11.5 Hz, PPh2Me); 132.8 (d, 3JCP = 
10.0 Hz, PPh2Me); 132.9 (d, 3JCP = 9.9 Hz, PPh2Me); 133.1 (d, 4JCP = 3.1 Hz, PPh2Me); 
133.3 (d, 4JCP = 2.8 Hz, PPh2Me); 166.4 (d, 2JCP = 14.3 Hz, CO) ppm. 
Preparation of [IrCp*Cl{=C(NH2)CH=CPh2}(PPh2Me)]PF6 (11) 
An orange solution of 6a (450 mg, 0.484 mmol) in dichloromethane (10 mL) was 
treated with ammonia 30% (38 µL, 0.53 mmol). The solution was stirred for 90 min at 
room temperature and then, the solvent was vacuum-removed giving an orange oil that 
was precipitated and washed with pentane (3 × 6 mL). Finally it was dried under 
vacuum. 
Yield: 362 mg (82%). 
Anal. Calcd for C38H41ClF6IrNP2 (915.36 g/mol): C 49.86, H 
4.51, N 1.53; found: C 49.98, H 4.57, N 1.57. 
MS (m/z): 770.22968 [M]+. 
IR (cm–1): ν (N–H) 3370 (m); (PF6) 840 (s). 
1H NMR: δ 1.61 (d, 15H, 4JHP = 2.2 Hz, C5(CH3)5); 2.19 (d, 
3H, 2JHP =10.1 Hz, PPh2CH3); 6.85 (s, 1H, CβH); 7.07–7.12 
(m, 2H, CPh2); 7.13–7.18 (m, 2H, CPh2); 7.37–7.62 (m, 16H, CPh2 + PPh2CH3); 8.26 (s 





31P{1H} NMR: δ –144.15 (sept, 1JPF  = 710.6 Hz, PF6); –13.39 (s, PPh2CH3) ppm. 
13C{1H} NMR: δ 8.9 (s, C5(CH3)5); 13.9 (d, 1JCP = 41.8 Hz, PPh2CH3); 98.1 (d, 2JCP 
= 2.2 Hz, C5(CH3)5); 128.2 (s, 2C CPh2); 128.5 (s, 2C CPh2); 128.9 (d, 2JCP = 10.8 Hz, 
PPh2Me); 129.4 (d, 2JCP = 10.8 Hz, PPh2Me); 129.6 (s, 2C CPh2); 130.2 (d, 1JCP = 57.0 
Hz, PPh2Me); 130.4 (s, 1C CPh2); 130.6 (s, 2C CPh2); 130.6 (d, 1JCP = 56.4 Hz, 
PPh2Me); 131.4 (s, 1C CPh2); 131.9 (d, 4JCP = 2.8 Hz, PPh2Me); 132.0 (d, 4JCP = 2.2 
Hz, PPh2Me); 132.1 (d, 3JCP = 2.7 Hz, Cβ); 132.6 (d, 3JCP = 9.7 Hz, PPh2Me); 133.0 (d, 
3JCP = 9.9 Hz, PPh2Me); 136.7 (s, Cipso–Ph); 139.3 (s, Cipso–Ph); 150.4 (s, Cγ); 209.9 (d, 
2JCP = 11.9 Hz, Cα) ppm. 
Preparation of [IrCp*{=C(OMe)CH=C(Ph)(o–C6H4)}(PPh2Me)]PF6 (12a) 
AgPF6 (91 mg, 0.35 mmol) was added to an orange solution of 6a (300 mg, 0.322 
mmol) in dry dichloromethane (15 mL). The mixture was stirred for 5 min at room 
temperature and filtered. After evaporation of the solvent under vacuum, the crude 
product obtained was washed with pentane (3 × 5 mL) and dried under vacuum, 
affording the compound 12a as a brown solid. 
Yield: 240 mg (84%). 
Anal. Calcd for C39H41OF6IrP2 (893.91 g/mol): C 52.40, 
H 4.62; found: C 52.57, H 4.69. 
MS (m/z): 749.26 [M]+. 
IR (cm–1): ν (PF6) 839 (s). 
1H NMR: δ 1.68 (d, 15H, 4JHP = 1.8 Hz, C5(CH3)5); 1.96 
(d, 3H, 2JHP = 10.2 Hz, PPh2CH3); 4.29 (s, 3H, OCH3); 
6.27 (s, 1H, C2H); 6.46–6.55 (m, 2H, PPh2CH3); 7.06–
7.14 (m, 2H, PPh2CH3); 7.14–7.24 (m, 2H, C5H + C6H); 
7.25–7.32 (m, 1H, PPh2CH3); 7.39–7.52 (m, 6H, C4H + Ph); 7.52–7.62 (m, 5H, 
PPh2CH3); 7.96–8.02 (m, 1H, C7H) ppm. 
31P{1H} NMR: δ –144.13 (sept, 1JPF = 710.5 Hz, PF6); –17.07 (s, PPh2CH3) ppm. 
13C{1H} NMR: δ 9.5 (s, C5(CH3)5); 11.8 (d, 1JCP = 41.3 Hz, PPh2CH3); 63.5 (s, 
OCH3); 101.7 (d, 2JCP = 1.8 Hz, C5(CH3)5); 118.0 (d, 3JCP = 2.2 Hz, C2); 123.5 (s, C5); 




10.9 Hz, PPh2Me); 129.5 (s, 1C Ph); 130.5 (d, 1JCP = 58.6 Hz, PPh2Me); 130.9 (d, 4JCP = 
2.7 Hz, PPh2Me); 131.0 (d, 3JCP = 9.7 Hz, PPh2Me); 131.9 (s, C6); 132.2 (d, 4JCP = 2.6 
Hz, PPh2Me); 132.3 (d, 1JCP = 60.7 Hz, PPh2Me); 132.9 (d, 3JCP = 10.1 Hz, PPh2Me); 
133.6 (s, C9); 138.4 (s, C4); 141.6 (s, Cipso–Ph); 143.9 (d, 3JCP = 3.5 Hz, C7); 154.2 (d, 
2JCP =10.8 Hz, C8); 177.8 (s, C3); 245.3 (d, 2JCP = 8.4 Hz, C1) ppm. 
Dropwise addition of a methanol solution of NaBPh4 to a dichloromethane solution 
of 12a gave brown monocrystals of 12a with BPh4– as counteranion adequate for X-ray 
diffraction analysis. 
1H NMR: δ 1.67 (d, 15H, 4JHP = 1.7 Hz, C5(CH3)5); 1.92 
(d, 3H, 2JHP = 10.2 Hz, PPh2CH3); 4.14 (s, 3H, OCH3); 
6.23 (s, 1H, C2H); 6.42–6.52 (m, 2H, PPh2CH3); 6.87 (t, 
3JHH = 7.2 Hz, 4H, BPh4); 7.02 (t, 3JHH = 7.4 Hz, 8H, 
BPh4); 7.06–7.12 (m, 2H, PPh2CH3); 7.15–7.23 (m, 2H, 
C5H + C6H)); 7.25–7.29 (m, 1H, PPh2CH3); 7.30–7.37 
(m, 8H, BPh4); 7.41–7.61 (m, 11H C4H + Ph + 
PPh2CH3); 7.93–8.00 (m, 1H, C7H) ppm. 
31P{1H} NMR: δ –17.31 (s, PPh2CH3) ppm. 
13C{1H} NMR: δ 9.6 (s, C5(CH3)5); 11.8 (d, 1JCP = 41.1 Hz, PPh2CH3); 63.4 (s, 
OCH3); 101.7 (d, 2JCP = 1.5 Hz, C5(CH3)5); 118.0 (d, 3JCP = 2.1 Hz, C2); 122.6–136.3 
(CH C6H4 + Ph + PPh2CH3 + BPh4 + Cipso–PPh2CH3); 133.8 (s, C9); 141.6 (s, Cipso–Ph); 
143.8 (d, 3JCP = 3.5 Hz, C7); 154.2 (d, 2JCP = 10.7 Hz, C8); 178.0 (s, C3); 244.8 (s br, C1) 
ppm. 
Preparation of [IrCp*{=C(OMe)CH=C(Ph)(o–C6H4)}(PMe3)]PF6 (12b) 
AgPF6 (375 mg, 1.45 mmol) was added to an orange solution of 6b (1.00 g, 1.32 
mmol) in dry dichloromethane (30 mL). The mixture was stirred for 5 min at room 
temperature and filtered. After evaporation of the solvent under vacuum, the crude 
product obtained was washed with pentane (3 × 5 mL) and dried under vacuum, 
affording the compound 12b as a brown solid. Recrystallization from 
dichloromethane/pentane (1:4 v/v) mixture gave brown monocrystals adequate for X-





Yield: 752 mg (74%). 
Anal. Calcd for C29H37OF6IrP2 (769.77 g/mol): C 45.25, 
H 4.84; found: C 45.95, H 4.88. 
MS (m/z): 625.22484 [M]+. 
IR (cm–1): ν (PF6) 839 (s). 
1H NMR: δ 1.26 (d, 9H, 2JHP = 10.8 Hz, P(CH3)3); 1.79 
(d, 15H, 4JHP = 1.7 Hz, C5(CH3)5); 4.38 (d, 3H, 5JHP = 0.6 
Hz, OCH3); 6.63 (d, 1H, 4JHP = 1.2 Hz, C2H); 7.11–7.16 
(m, 2H, C5H + C6H); 7.40–7.55 (m, 5H, Ph); 7.62–7.67 
(m, 1H, C4H); 7.81–7.86 (m, 1H, C7H) ppm. 
31P{1H} NMR: δ –144.17 (sept, 1JPF = 710.5 Hz, PF6); –34.94 (s, P(CH3)3) ppm.  
13C{1H} NMR: δ 9.7 (s, C5(CH3)5); 14.2 (d, 1JCP = 40.8 Hz, P(CH3)3); 63.7 (s, 
OCH3); 100.1 (d, 2JCP = 2.0 Hz, C5(CH3)5); 118.8 (d, 3JCP = 2.2 Hz, C2); 123.7 (s, C5); 
127.3, 128.0, 128.9, 129.2, 130.0 (all singlets, Ph); 131.8 (s, C6); 134.2 (s, C9); 137.8 (s, 
C4); 141.9 (s, Cipso–Ph); 143.0 (d, 3JCP = 5.0 Hz, C7); 156.3 (d, 2JCP = 10.2 Hz, C8); 179.0 
(s, C3); 248.1 (d, 2JCP = 10.3 Hz, C1) ppm. 
Dropwise addition of a methanol solution of NaBPh4 to a dichloromethane solution 
of 12b gave brown monocrystals of 12b with BPh4
– as counteranion adequate for X-ray 
diffraction analysis. 
Preparation of 3-Phenylindan-1-one (13) 
A dark brown solution of 12a (116 mg, 0.130 mmol) in 10 mL of 1,2-
dichloroethane was heated at 359 K and stirred for 24 hours. The clear brown solution 
obtained was vacuum-concentrated and the brown oil obtained was redissolved in 5 ml 
of diethylether. This solution was purified by passing it through a silica column. Then, 
solvent was removed under vacuum giving a brown oil. 






Yield: 25.4 mg (94%) (via 12a). 
Yield: 13.0 mg (96%) (via 12b). 
C15H12O: 208.26 g/mol. 
1H NMR: δ 2.65 (dd, 1H, 2JHH = 19.1 Hz, 3JHH = 4.0 Hz, C2H2); 3.21 
(dd, 1H, 2JHH = 18.9 Hz, 3JHH = 8.2 Hz, C2H2); 4.60 (dd, 1H, 3JHH = 
7.9 Hz, 3JHH = 3.9 Hz, C3H); 7.11–7.16 (m, 2H, C6H4 + Ph); 7.21–
7.34 (m, 4H, Ph); 7.40–7.45 (m, 1H, C6H4); 7.54–7.61 (m, 1H, C6H4); 7.74–7.79 (d, 1H, 
C6H4) ppm. 
13C{1H} NMR: δ 44.7 (s, C3H); 47.1 (s, C2H2); 123.4 (s, C6H4); 127.2 (s, Ph); 128.0 
(s, C6H4 + Ph); 128.2 (s, C6H4); 129.2 (s, Ph); 135.3 (s, C6H4); 137.2 (s, C8); 144.3 (s, 
Cipso–Ph); 158.3 (s, C9); 205.9 (s, CO) ppm. 
Preparation of [IrCp*{η3–(C9H5)(OMe)(Ph)}(PPh2Me)]BPh4 (14a·BPh4) 
A brown solution of 12a with BPh4– as counteranion (129 mg, 0.13 mmol) in 
dichloromethane (10 mL) turned green when it was heated at 308 K for 8 days. After 
evaporation of the solvent under vacuum, the dark green oil obtained was treated with 
pentane (5 mL) affording a solid that was washed with pentane (2 × 5 mL) and dried 
under vacuum. NMR inspection of the crude product showed that it was a mixture of 
compounds 12a·BPh4, 13 and 14a·BPh4. Extraction of 13 with diethylether gave a 
mixture of 12a·BPh4 and 14a·BPh4 in a ~30:70 mole ratio, respectively. The same final 
mixture was observed when 12a was used as starting material. Recrystallization of the 
mixture (12a·BPh4 and 14a·BPh4) with dichloromethane/pentane (1:4 v/v) gave green 
monocrystals of 14a·BPh4 adequate for X-ray diffraction analysis. 
C63H61OBIrP: 1068.18 g/mol. 
MS (m/z): 749.25190 [M]+. 
1H NMR: δ 1.22 (d, 15H, 4JHP = 1.9 Hz, C5(CH3)5); 1.93 
(d, 3H, 2JHP = 9.2 Hz, PPh2CH3); 3.84 (s, 3H, OCH3); 
6.01 (d, 1H, 3JHP = 10.8 Hz, C2H); 6.54 (d, 1H, 3JHH = 
7.8 Hz, C6H4); 6.75–7.66 (various signals, C6H4 + Ph + 






31P{1H} NMR: δ –9.35 (s, PPh2CH3) ppm.  
13C{1H} NMR: δ 8.7 (s, C5(CH3)5); 15.9 (d, 1JCP = 39.8 Hz, PPh2CH3); 49.4 (s, C3); 
56.3 (s, C2); 61.4 (s, OCH3); 97.0 (d, 2JCP = 2.5 Hz, C5(CH3)5); 122.1–136.3 (CH C6H4 + 
Ph + PPh2CH3 + BPh4 + Cipso–PPh2CH3); 132.3 (s, C9); 138.5 (s, Cipso–Ph); 161.0 (s, 
C8); 165.2, 164.7, 164.2, 163.7 (all singlets, Cipso–BPh4); 186.3 (s, C1) ppm.  
Preparation of [Cp*Ir{η3–(C9H5)(OMe)(Ph)}(PMe3)]PF6 (14b) 
The complex 12b (100 mg, 0.130 mmol) was dissolved in 10 mL of 
dichloromethane. The brown solution obtained was heated at 308 K for 8 days. The 
solution, which turned green, was vacuum-concentrated giving a dark green oil that was 
triturated and washed with pentane (3 × 5 mL), and finally, dried under vacuum. The 
green solid obtained is a mixture of 12b, 13 and 14b. Extraction of 13 with diethylether 
gave the complex 14b contaminated with 12b (5%).  
C29H37OF6IrP2: 769.77 g/mol. 
MS (m/z): 625.22292 [M]+.  
IR (cm–1): ν (PF6) 839 (s). 
1H NMR: δ 1.27 (d, 9H, 2JHP = 9.8 Hz, P(CH3)3); 1.44 (d, 
15H, 4JHP = 2.1 Hz, C5(CH3)5); 3.78 (s, 3H, OCH3); 5.96 (d, 
1H, 3JHP = 10.7 Hz, C2H); 6.53–6.58 (m, 1H, C6H4); 6.75–
6.80 (m, 1H, C6H4); 7.20–7.35 (m, 5H, Ph); 7.39–7.44 (m, 
1H, C6H4); 7.75–7.79 (m, 1H, C6H4) ppm. 
31P{1H} NMR: δ –144.19 (sept, 1JPF = 710.6 Hz, PF6); –38.25 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 8.8 (s, C5(CH3)5); 18.1 (d, 1JCP = 38.5 Hz, P(CH3)3); 50.1 (s, C3); 
55.3 (s, C2); 61.5 (s, OCH3); 96.1 (d, 2JCP = 2.6 Hz, C5(CH3)5); 122.7, 125.0, 126.6, 
131.8 (all singlets, C6H4); 127.5 (s, 2C Ph); 129.2 (s, 3C Ph); 132.3 (s, C9); 141.7 (s, 
Cipso–Ph); 161.3 (s, C8); 185.5 (s, C1) ppm. 
Preparation of [IrCp*Cl{=C(OMe)CH=CMe2}(PPh2Me)]PF6 (15a) 
To a yellow solution of 5a (230 mg, 0.307 mmol) in 25 ml of methanol, 2-methyl-3-
butyn-2-ol (45 l, 0.46 mmol) was added and the mixture was stirred for 90 min at 




brown solid which was washed with pentane (3 × 5 mL) and dried under vacuum. A 
solution of 15a in dichloromethane/pentane (1:3 v/v) gave monocrystals adequate for X-
ray diffraction analysis. 
Yield: 240 mg (96%). 
Anal. Calcd for C29H38OClF6IrP2 (806.23 g/mol): C 
43.20, H 4.75; found: C, 43.36, H, 4.77. 
MS (m/z): 661.19681 [M]+. 
IR (cm–1): ν (PF6) 838 (s). 
1H NMR: δ 1.53–1.54 (m, 3H, C(CH3)2); 1.57 (d, 15H, 
4JHP = 2.2 Hz, C5(CH3)5); 1.72–1.73 (m, 3H, C(CH3)2); 
2.27 (d, 3H, 2JHP = 10.4 Hz, PPh2CH3); 4.40 (s, 3H, 
OCH3); 5.72 (s br, 1H, CβH); 7.46–7.56 (m, 10H, PPh2CH3) ppm. 
31P{1H} NMR: δ –144.14 (sept, 1JPF = 710.5 Hz, PF6); –14.95 (s, PPh2CH3) ppm. 
13C{1H} NMR: δ 8.9 (s, C5(CH3)5); 14.1 (d, 1JCP = 41.9 Hz, PPh2CH3); 23.2 (s, 
C(CH3)2); 27.1 (s, C(CH3)2); 69.3 (s, OCH3); 100.0 (d, 2JCP = 2.1 Hz, C5(CH3)5); 129.1 
(d, 3JCP = 4.7 Hz, PPh2Me); 129.2 (d, 3JCP = 4.8 Hz, PPh2Me); 131.0 (d, 1JCP = 57.5 Hz, 
PPh2Me); 131.3 (d, 1JCP = 57.6 Hz, PPh2Me); 132.0 (d, 4JCP = 2.8 Hz, PPh2Me); 132.1 
(d, 4JCP = 2.7 Hz, PPh2Me); 132.7 (d, 2JCP = 9.4 Hz, PPh2Me); 133.1 (d, 2JCP = 9.9 Hz, 
PPh2Me); 138.0 (s, Cβ); 150.9 (s, C); 268.4 (d, 2JCP = 11.5 Hz, Cα) ppm. 
Preparation of [IrCp*Cl{=C(OMe)CH=CMe2}(PMe3)]PF6 (15b) 
200 mg (0.320 mmol) of 5b in methanol (15 mL) were treated with 2-methyl-3-
butyn-2-ol (70 l, 0.70 mmol). The yellow solution turned orange and the mixture was 
stirred for 90 min at room temperature. The solution, which finally turned brown, was 
vacuum-concentrated giving a brown solid that was washed with pentane (3 × 8 mL) 








Yield: 204 mg (85%). 
Anal. Calcd for C19H34OClF6IrP2 (682.09 g/mol): C 33.46, 
H 5.02; found: C, 33.39,  H, 5.07. 
MS (m/z): 537.16546 [M]+. 
IR (cm–1): ν (PF6) 839 (s). 
1H NMR: δ 1.65 (d, 9H, 2JHP = 10.9 Hz, P(CH3)3); 1.75 (d, 
15H, 4JHP = 2.4 Hz, C5(CH3)5); 1.90–1.91 (m, 3H, 
C(CH3)2); 1.98–2.00 (m, 3H, C(CH3)2); 4.74 (s, 3H, 
OCH3); 6.77 (s br, 1H, CβH) ppm. 
31P{1H} NMR: δ –144.15 (sept, 1JPF = 710.6 Hz, PF6); –29.90 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.0 (s, C5(CH3)5); 14.3 (d, 1JCP = 40.8 Hz, P(CH3)3); 23.7 (s, 
C(CH3)2); 29.2 (s, C(CH3)2); 69.0 (s, OCH3); 98.3 (d, 2JCP = 2.2 Hz, C5(CH3)5); 141.6 
(d, 3JCP = 4.9 Hz, Cβ); 159.7 (s, C); 264.5 (d, 2JCP = 11.2 Hz, Cα) ppm. 
Preparation of [IrCp*{=C(OMe)CH=C(Me)(CH2)}(PPh2Me)]PF6 (16a) 
A brown solution of 15a (300 mg, 0.372 mmol) in 15 mL of dichloromethane was 
treated with AgPF6 (105 mg, 0.424 mmol). The solution was stirred for 5 min at room 
temperature. Then, the solution was filtered and vacuum-concentrated obtaining a 
brown solid that was washed with pentane (3 × 5 mL). Finally, the solid obtained was 
dried under vacuum. A solution of 16a in dichloromethane/pentane (1:4 v/v) gave 
monocrystals adequate for X-ray diffraction analysis. 
Yield: 255 mg (81%). 
Anal. Calcd for C29H37OF6IrP2 (769.77 g/mol): C 
45.25, H 4.84; found: C 45.32, H 4.87. 
MS (m/z): 625.21988 [M]+. 
IR (cm–1): ν (PF6) 837 (s). 
1H NMR: δ 1.72 (d, 15H, 4JHP = 1.8 Hz, C5(CH3)5); 
1.81–1.85 (m, 2H, C4H2); 1.87–1.90 (m, 3H, CH3); 
2.10 (d, 3H, 2JHP = 9.8 Hz, PPh2CH3); 4.17 (d, 3H, 5JHP 





31P{1H} NMR: δ –144.13 (sept, 1JPF = 710.6 Hz, PF6); –8.81 (s, PPh2CH3) ppm. 
13C{1H} NMR: δ 9.2 (s, C5(CH3)5); 14.6 (d, 1JCP = 41.0 Hz, PPh2CH3); 19.6 (d, 2JCP 
= 7.8 Hz, C4); 24.6 (s, CH3); 63.6 (s, OCH3); 98.1 (d, 2JCP = 2.1 Hz, C5(CH3)5); 129.0 (d, 
3JCP = 2.7 Hz, PPh2Me); 129.1 (d, 3JCP = 2.6 Hz, PPh2Me); 130.6 (d, 1JCP = 57.2 Hz, 
PPh2Me); 131.5 (d, 4JCP = 2.6 Hz, PPh2Me); 131.6 (d, 4JCP = 2.6 Hz, PPh2Me); 131.8 (d, 
1JCP = 57.9 Hz, PPh2Me); 132.3 (d, 2JCP = 10.2 Hz, PPh2Me); 132.6 (d, 2JCP = 10.0 Hz, 
PPh2Me); 137.3 (s, C2); 209.1 (s, C3); 252.7 (d, 2JCP = 9.1 Hz, C1) ppm. 
Preparation of [IrCp*{=C(OMe)CH=C(Me)(CH2)}(PMe3)]PF6 (16b) 
A dark brown solution of 15b (200 mg, 0.293 mmol) in 10 mL of dichloromethane 
was treated with AgPF6 (85 mg, 0.33 mmol). The solution was stirred for 5 min at room 
temperature. Then, the solution was filtered and vacuum-concentrated obtaining a 
brown solid that was washed with pentane (3 × 4 mL) and dried under vacuum. A 
solution of 16b in dichloromethane/pentane (1:4 v/v) gave monocrystals adequate for 
X-ray diffraction analysis. 
Yield: 139 mg (72%). 
Anal. Calcd for C19H33OF6IrP2 (645.63 g/mol): C 35.35, 
H 5.15; found: C 35.42, H 5.17. 
MS (m/z): 501.18890 [M]+. 
IR (cm–1): ν (PF6) 837 (s). 
1H NMR: δ 1.35 (d, 9H, 2JHP = 10.4 Hz, P(CH3)3); 1.65–
1.72 (m, 1H, C4H2); 1.87 (d, 15H, 4JHP = 1.6 Hz, 
C5(CH3)5); 1.88–1.94 (m, 1H, C4H2); 2.30–2.39 (m, 3H, 
CH3); 4.24 (s, 3H, OCH3); 6.68 (s br, 1H, C2H) ppm. 
31P{1H} NMR: δ –144.17 (sept, 1JPF = 710.5 Hz, PF6); –36.79 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.4 (s, C5(CH3)5); 15.5 (d, 1JCP = 40.2 Hz, P(CH3)3); 18.7 (d, 2JCP = 
7.7 Hz, C4); 24.3 (s, CH3); 64.4 (s, OCH3); 97.7 (d, 2JCP = 2.1 Hz, C5(CH3)5); 139.7 (s, 







Preparation of [IrCp*Cl{=C(OMe)CH=CPhMe}(PPh2Me)]PF6 (17a) 
An orange solution of [IrCp*Cl2(PPh2Me)] (500 mg, 0.836 mmol) and sodium 
hexafluorophosphate (172 mg, 1.04 mmol) in methanol (40 mL) was prepared. After 
that, 2-phenyl-3-butyn-2-ol (402 mg, 2.76 mmol) was added and the mixture was stirred 
for 5 h at room temperature. The resulting brown solution was filtered and vacuum-
concentrated, giving a brown solid that was redissolved in dichloromethane (15 mL), 
filtered and vacuum-concentrated. The brown solid obtained was washed with pentane 
(3 × 8 mL) and dried under vacuum. 
Yield: 650 mg (89%). 
Anal. Calcd for C34H40OClF6IrP2 (868.30 g/mol): C 
47.03, H 4.64; found: C, 47.15, H, 4.62. 
MS (m/z): 723.21154 [M]+. 
IR (cm–1): ν (PF6) 839 (s). 
1H NMR: δ 1.62 (d, 15H, 4JHP = 1.8 Hz, C5(CH3)5); 1.84 
(s, 3H, CH3); 2.34 (d, 3H, 2JHP = 10.5 Hz, PPh2CH3); 
4.47 (s, 3H, OCH3); 5.69 (s br, 1H, CβH); 7.24–7.28 (m, 
2H, Ph); 7.32–7.40 (m, 3H, Ph); 7.42–7.63 (m, 10H, PPh2CH3) ppm. 
31P{1H} NMR: δ –144.11 (sept, 1JPF = 710.6 Hz, PF6); –16.03 (s, PPh2CH3) ppm. 
13C{1H} NMR: δ 9.0 (s, C5(CH3)5); 13.5 (d, 1JCP = 42.4 Hz, PPh2CH3); 19.9 (s, 
CH3); 69.8 (s, OCH3); 100.4 (d, 2JCP = 2.0 Hz, C5(CH3)5); 126.9 (s, 2C Ph); 129.1 (s, 2C 
Ph); 129.2 (d, 4JCP = 1.7 Hz, PPh2Me); 129.3 (d, 4JCP = 1.5 Hz, PPh2Me); 130.3 (s, 1C 
Ph); 130.9 (d, 1JCP = 57.9 Hz, PPh2Me); 131.4 (d, 1JCP = 57.9 Hz, PPh2Me); 132.1 (d, 
3JCP = 2.8 Hz, PPh2Me); 132.2 (d, 3JCP = 2.6 Hz, PPh2Me); 132.6 (d, 2JCP = 9.4 Hz, 
PPh2Me); 133.1 (d, 2JCP = 9.9 Hz, PPh2Me); 136.7 (s, Cβ); 139.7 (s, Cipso–Ph); 143.6 (s, 
C); 271.4 (d, 2JCP = 12.8 Hz, Cα) ppm. 
Preparation of [IrCp*Cl{=C(OMe)CH=CPhMe}(PMe3)]PF6 (17b) 
An orange solution of [IrCp*Cl2(PMe3)] (100 mg, 0.211 mmol) and sodium 
hexafluorophosphate (36.4 mg, 0.221 mmol) in methanol (10 mL) was prepared. After 
that, 2-phenyl-3-butyn-2-ol (101 mg, 0.692 mmol) was added and the mixture was 




concentrated and the brown solid obtained was redissolved in dichloromethane (5 mL), 
filtered and vacuum-concentrated. The solid was washed with pentane (3 × 8 mL) 
obtaining a mixture of 17b and 18b in a ~70:30 mole ratio, respectively. 
Alternatively, 17b (with the corresponding metallacycle 18b in a ~85:15 mole ratio, 
respectively) can be synthesized by reacting 5b (100 mg, 0.160 mmol) and 1.3 
equivalents of 2-phenyl-3-butyn-2-ol (30 mg, 0.20 mmol) in methanol for 30 minutes at 
room temperature. 
Yield: 118 mg (~53% for 17b via [IrCp*Cl2(PMe3)]). 
Yield: 100 mg (~71% for 17b via 5b). 
C24H36OClF6IrP2: 744.16 g/mol. 
1H NMR: δ 1.67 (d, 9H, 2JHP = 10.9 Hz, P(CH3)3); 1.79 
(d, 15H, 4JHP = 2.2 Hz, C5(CH3)5); 2.34 (d, 3H, 4JHH = 
0.9 Hz, CH3); 4.77 (s, 3H, OCH3); 7.25 (s br, 1H, CβH); 
7.44–7.50 (m, 3H, Ph); 7.58–7.62 (m, 2H, Ph) ppm.  
31P{1H} NMR: δ –144.15 (sept, 1JPF = 710.5 Hz, PF6); –
30.23 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.2 (s, C5(CH3)5); 14.8 (d, 1JCP = 40.7 Hz, P(CH3)3); 21.4 (s, CH3); 
69.4 (s, OCH3); 98.6 (d, 2JCP = 2.3 Hz, C5(CH3)5); 127.4 (s, 2C Ph); 129.6 (s, 2C Ph); 
131.3 (s, 1C Ph); 140.5 (s, Cβ); 141.4 (s, Cipso); 153.3 (s, C); 266.1 (s br, Cα) ppm. 
Preparation of [IrCp*{=C(OMe)CH=C(Ph)(CH2)}(PPh2Me)]PF6 (18a) 
650 mg (0.749 mmol) of the brown solid 17a were dissolved in 35 mL of 
dichloromethane and then, treated with AgPF6 (213 mg, 0.860 mmol). The brown 
solution obtained was stirred for 5 min at room temperature. After that, the solution was 
filtered and vacuum-concentrated. A dark brown solid was obtained. The solid was 








Yield: 575 mg (92%). 
Anal. Calcd for C34H39OF6IrP2 (831.84 g/mol): C 
49.09, H 4.73; found: C 49.23, H 4.78. 
MS (m/z): 687.23380 [M]+. 
IR (cm–1): ν (PF6) 839 (s). 
1H NMR: δ 1.77 (d, 15H, 4JHP = 1.5 Hz, C5(CH3)5); 
2.10 (d, 3H, 2JHP = 10.0 Hz, PPh2CH3); 2.12–2.19 (m, 
1H, C4H2); 2.44–2.52 (m, 1H, CH2); 4.27 (s, 3H, 
OCH3); 6.88 (s, 1H, C2H); 7.08–7.56 (m, 15H, Ph + PPh2CH3) ppm. 
31P{1H} NMR: δ –144.16 (sept, 1JPF = 710.5 Hz, PF6); –8.45 (s, PPh2CH3) ppm. 
13C{1H} NMR: δ 9.3 (s, C5(CH3)5); 14.3 (d, 2JCP = 7.8 Hz, C4); 14.7 (d, 1JCP = 41.1 
Hz, PPh2CH3); 63.5 (s, OCH3); 98.5 (d, 2JCP = 2.1 Hz, C5(CH3)5); 128.7 (s, 2C Ph); 
128.9 (s, 2C Ph); 129.0 (d, 3JCP = 8.2 Hz, PPh2Me); 129.1 (d, 3JCP = 8.2 Hz, PPh2Me); 
130.2 (d, 1JCP = 57.5 Hz, PPh2Me); 131.4 (d, 4JCP = 2.6 Hz, PPh2Me); 131.6 (d, 4JCP = 
2.5 Hz, PPh2Me); 131.6 (d, 1JCP = 58.4 Hz, PPh2Me); 132.2 (d, 2JCP = 10.3 Hz, 
PPh2Me); 132.5 (d, 2JCP = 10.0 Hz, PPh2Me); 132.6 (s, 1C Ph); 133.5 (s, C2); 137.1 (d, 
4JCP = 1.1 Hz, Cipso–Ph); 198.4 (s, C3); 249.4 (d, 2JCP = 9.1 Hz, C1) ppm. 
Preparation of [IrCp*{=C(OMe)CH=C(Ph)(CH2)}(PMe3)]PF6 (18b) 
A mixture of 17b and 18b in a ~85:15 mole ratio (235 mg of mixture, ~0.269 mmol 
of 17b) was dissolved in 10 mL of dichloromethane. After that, the solution was treated 
with AgPF6 (80 mg, 0.32 mmol) and stirred for 5 min at room temperature. Then, the 
brown solution was filtered and vacuum-concentrated giving a dark brown solid that 
was washed with pentane (3 × 8 mL). Finally, it was dried under vacuum. 
Yield: 180 mg (94%). 
Anal. Calcd for C24H35OF6IrP2 (707.70 g/mol): C 40.73, 
H 4.98; found: C 40.81, H 5.01. 
MS (m/z): 563.20465 [M]+. 
IR (cm–1): ν (PF6) 838 (s). 
1H NMR: δ 1.35 (d, 9H, 2JHP = 10.4 Hz, P(CH3)3); 1.93 




C4H2); 4.34 (d, 5JHP = 0.4 Hz, 3H, OCH3); 7.27 (s br, 1H, C2H); 7.46–7.59 (m, 3H, Ph); 
7.87–7.92 (m, 2H, Ph) ppm. 
31P{1H} NMR: δ –144.15 (sept, 1JPF = 710.5 Hz, PF6); –35.37 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.6 (s, C5(CH3)5); 13.9 (d, 2JCP = 7.4 Hz, C4); 15.8 (d, 1JCP = 40.1 
Hz, P(CH3)3); 64.3 (s, OCH3); 98.2 (d, 2JCP = 2.0 Hz, C5(CH3)5); 128.7 (s, 2C Ph); 129.5 
(s, 2C Ph); 132.6 (s, 1C Ph); 136.3 (s br, C2); 137.3 (d, 4JHP = 1.4 Hz, Cipso); 197.1 (s, 
C3); 250.7 (d, 2JCP = 11.5 Hz, C1) ppm. 
Preparation of [IrCp*Cl{=C(OMe)CH=CHPh}(PPh2Me)]PF6 (19a) 
An orange solution of [IrCp*Cl2(PPh2Me)] (100 mg, 0.167 mmol) and sodium 
hexafluorophosphate (29 mg, 0.17 mmol) in  dichloromethane/methanol 5:1 (12 mL) 
was prepared. After that, 1-phenyl-2-propyn-1-ol (70 μl, 0.55 mmol) was added and the 
mixture was stirred for 20 h at room temperature. The resulting dark red solution was 
vacuum-concentrated and the red oil obtained was redissolved in dichloromethane (5 
ml). The red solution was filtered and vacuum-concentrated giving a red oil. The oil was 
triturated and washed with pentane (2 × 5 mL) and diethylether (5 mL). Finally, the red 
solid obtained was dried under vacuum. 
Yield: 102 mg (70%). 
Anal. Calcd for C33H38OClF6IrP2 (854.28 g/mol): C 
46.40, H 4.48; found: C, 46.54, H, 4.53. 
MS (m/z): 709.19722 [M]+. 
IR (cm–1): ν (PF6) 839 (s). 
1H NMR: δ 1.55 (d, 15H, 4JHP = 2.3 Hz, C5(CH3)5); 2.26 
(d, 3H, 2JHP = 10.6 Hz, PPh2CH3); 4.16 (s, 3H, OCH3); 
7.23–7.89 (m, 15H, Ph + PPh2CH3); 7.28 (d, 1H, 3JHH = 
15.6 Hz, CβH); 8.66 (d, 1H, 3JHH = 15.1 Hz, CH) ppm. 
31P{1H} NMR: δ –144.11 (sept, 1JPF = 710.6 Hz, PF6); –13.28 (s br, PPh2CH3) ppm. 
13C{1H} NMR: δ 9.0 (s, C5(CH3)5); 14.5 (d, 1JCP = 41.0 Hz, PPh2CH3); 65.5 (s, 
OCH3); 99.0 (d, 2JCP = 2.4 Hz, C5(CH3)5); 125.3–135.0 (PPh2Me + Ph) 129.6 (s, Cβ); 





Preparation of [IrCp*Cl{=C(OMe)CH=CHPh}(PMe3)]PF6 (19b) 
An orange solution of [IrCp*Cl2(PMe3)] (300 mg, 0.633 mmol) and sodium 
hexafluorophosphate (130 mg, 0.790 mmol) in dichloromethane/methanol 2:1 (30 mL) 
was prepared. After that, 1-phenyl-2-propyn-1-ol (263 μl, 2.08 mmol) was added and 
the mixture was stirred for 6 h at room temperature. The resulting dark red solution was 
vacuum-concentrated and the red oil obtained was redissolved in dichloromethane (10 
mL). The solution was filtered and vacuum-concentrated obtaining a red oil that was 
washed with pentane (3 × 8 mL) and diethylether (2 × 8 mL). Finally, the red solid 
obtained was dried under vacuum. 
Yield: 305 mg (66%). 
Anal. Calcd for C23H34OClF6IrP2 (730.13 g/mol): C 37.84, 
H 4.69; found: C, 37.91, H, 4.73. 
MS (m/z): 585.16492 [M]+. 
IR (cm–1): ν (PF6) 840 (s). 
1H NMR: δ 1.65 (d, 9H, 2JHP = 11.2 Hz, P(CH3)3); 1.74 (d, 
15H, 4JHP = 2.3 Hz, C5(CH3)5); 4.53 (s, 3H, OCH3); 7.52–
7.57 (m, 2H, Ph); 7.53 (d, 3JHH = 14.7 Hz, CβH); 7.65–7.71 
(m, 1H, Ph); 7.85–7.90 (m, 2H, Ph); 8.63 (d, 3JHH = 14.9 Hz, CH) ppm. 
31P{1H} NMR: δ –144.10 (sept, 1JPF = 710.6 Hz, PF6); –24.93 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.2 (d, 3JCP = 0.7 Hz, C5(CH3)5); 14.5 (d, 1JCP = 40.7 Hz, P(CH3)3); 
65.6 (s, OCH3); 98.3 (d, 2JCP = 2.5 Hz, C5(CH3)5); 126.9 (s, Cβ); 130.2 (s, 2C Ph); 131.3 
(s, 2C Ph); 134.6 (s, Cipso); 134.9 (s, 1C Ph); 170.0 (s, C); 262.1 (d, 2JCP = 14.0 Hz, Cα) 
ppm. 
Preparation of [IrCp*{C(OMe)=CHC(Me)=CH}(PPh2Me)] (20a) 
A dark brown solution of 16a (100 mg, 0.130 mmol) in 13 mL of dichloromethane 
was treated with KtBuO (80 mg, 0.71 mmol). The solution was stirred for 2 hours at 
room temperature. After that, the brown solution was filtered and vacuum-concentrated 
obtaining dark green oil that was triturated with pentane (4 mL). Finally, the resulting 




Yield: 72 mg (89%). 
Anal. Calcd for C29H36OIrP (623.80 g/mol): C 55.84, H 
5.82; found: C 65.03, H 5.88. 
MS (m/z): 625.22056 [M+1]+. 
1H NMR: δ 1.56 (d, 15H, 4JHP = 1.8 Hz, C5(CH3)5); 1.67 (d, 
3H, 2JHP = 10.2 Hz, PPh2CH3); 1.78–1.79 (m, 3H, CH3); 
3.64 (s, 3H, OCH3); 5.20–5.22 (m, 1H, C2H); 6.03–6.07 (m, 
1H, C4H); 7.23–7.41 (m, 8H, PPh2CH3); 7.47–7.54 (m, 2H, 
PPh2CH3) ppm. 
31P{1H} NMR: δ –6.59 (s, PPh2CH3) ppm. 
13C{1H} NMR: δ 9.0 (s, C5(CH3)5); 12.4 (d, 1JCP = 42.9 Hz, PPh2CH3); 21.7 (d, 4JCP 
= 1.9 Hz, CH3); 56.4 (s, OCH3); 93.9 (d, 2JCP = 2.9 Hz, C5(CH3)5); 110.1 (d, 3JCP = 2.3 
Hz, C2); 122.9 (d, 2JCP = 14.6 Hz, C4); 127.5 (d, 3JCP = 9.9 Hz, PPh2Me); 127.8 (d, 3JCP = 
10.2 Hz, PPh2Me); 129.0 (d, 4JCP = 2.4 Hz, PPh2Me); 129.9 (d, 4JCP = 2.3 Hz, PPh2Me); 
132.2 (d, 2JCP = 10.2 Hz, PPh2Me); 133.9 (d, 2JCP = 11.1 Hz, PPh2Me); 134.0 (d, 1JCP = 
53.3 Hz, PPh2Me); 137.5 (d, 1JCP = 50.9 Hz, PPh2Me); 145.6 (d, 3JCP = 0.8 Hz, C3); 
180.4 (d, 2JCP = 13.4 Hz, C1) ppm. 
Preparation of [IrCp*{C(OMe)=CHC(Me)=(CH)}(PMe3)] (20b) 
The complex 16b (118 mg, 0.183 mmol) was dissolved in 10 mL of 
dichloromethane and then, KtBuO (102 mg, 0.909 mmol) was added. The brown 
solution was stirred for three hours at room temperature. After that, the clear brown 
solution obtained was filtered and vacuum-concentrated. The dark brown oil obtained 
was treated with pentane (4 mL) yielding a dark brown solid that was dried under 
vacuum. 
Yield: 70 mg (78%). 
Anal. Calcd for C19H32OIrP (499.66 g/mol): C 45.67, H 6.46; 
found: C 45.74, H 6.50.  
MS (m/z): 501.18899 [M+1]+. 
1H NMR: δ 1.26 (d, 9H, 2JHP = 10.3 Hz, P(CH3)3); 1.82 (d, 





4JHH =1.4 Hz, CH3); 3.57 (s, 3H, OCH3); 5.30–5.33 (overlapped with solvent signal, 1H, 
C2H); 6.07–6.11 (m, 1H, C4H) ppm. 
31P{1H} NMR: δ –40.76 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.7 (s, C5(CH3)5); 15.3 (d, 1JCP = 38.9 Hz, P(CH3)3); 21.5 (d, 4JCP = 
2.0 Hz, CH3); 56.1 (s, OCH3); 93.3 (d, 2JCP = 2.8 Hz, C5(CH3)5); 109.9 (d, 3JCP = 2.0 Hz, 
C2); 123.4 (d,  2JCP = 14.2 Hz, C4); 145.2 (d, 3JCP = 1.4 Hz, C3); 180.0 (d, 2JCP = 13.7 Hz, 
C1) ppm. 
Preparation of [IrCp*{C(OMe)=CHC(Ph)=CH}(PPh2Me)] (21a) 
A dark brown solution of 18a (600 mg, 0.721 mmol) in 40 mL of dichloromethane 
was treated with KtBuO (445 mg, 3.97 mmol). The solution was stirred for 150 min at 
room temperature. After that, the brown solution was filtered and vacuum-concentrated 
obtaining a brown oil that was treated with pentane (2 × 6 mL). Finally, the brown solid 
obtained was dried under vacuum. 
Yield: 416 mg (70%). 
Anal. Calcd for C34H38OIrP (685.87 g/mol): C 59.54, H 
5.58; found: C 59.73, H 5.62. 
MS (m/z): 687. 23643 [M+1]+. 
1H NMR: δ 1.59 (d, 15H, 4JHP = 1.7 Hz, C5(CH3)5); 1.66 (d, 
3H, 2JHP = 10.2 Hz, PPh2CH3); 3.75 (s, 3H, OCH3); 5.82 (s 
br, 1H, C2H); 6.95–7.00 (m, 1H, Ph); 7.11–7.17 (m, 2H, 
Ph); 7.28–7.54 (m, 12H, PPh2CH3 + Ph); 7.31 (d, 1H, 3JHP = 
8.3 Hz, C4H) ppm. 
31P{1H} NMR: δ –7.19 (s, PPh2CH3) ppm. 
13C{1H} NMR: δ 9.0 (s, C5(CH3)5); 12.6 (d, 1JCP = 43.1 Hz, PPh2CH3); 56.6 (s, 
OCH3); 94.5 (d, 2JCP = 2.8 Hz, C5(CH3)5); 107.3 (d, 3JCP = 2.2 Hz, C2); 124.1 (s, 1C Ph); 
125.2 (s, 2C Ph); 127.7 (d, 3JCP = 10.0 Hz, PPh2Me); 127.9 (d, 3JCP = 10.2 Hz, PPh2Me); 
128.1 (s, 2C Ph); 129.3 (d, 4JCP = 2.3 Hz, PPh2Me); 129.9 (d, 4JCP = 2.4 Hz, PPh2Me); 
131.4 (d, 2JCP = 14.1 Hz, C4); 132.4 (d, 2JCP = 10.4 Hz, PPh2Me); 133.5 (d, 2JCP = 11.0 




143.1 (d, 3JCP = 2.1 Hz, C3); 151.4 (d, 4JCP = 0.7 Hz, Cipso–Ph); 180.5 (d, 2JCP = 13.1 Hz, 
C1) ppm. 
Preparation of [IrCp*{C(OMe)=CHC(Ph)=(CH)}(PMe3)] (21b) 
The complex 18b (115 mg 0.162 mmol) was dissolved in 10 mL of 
dichloromethane and then, KtBuO (100 mg, 0.891 mmol) was added. The brown 
suspension was stirred for three hours at room temperature. After that, the resulting 
clear brown suspension was filtered and vacuum-concentrated. The dark brown oil 
obtained was treated with pentane (4 mL) and the dark brown solid obtained was dried 
under vacuum. 
Yield: 74 mg (82%). 
Anal. Calcd for C24H34OIrP (561.73 g/mol): C 51.32, H 6.10; 
found: C 51.46, H 6.15. 
MS (m/z): 563.20465 [M+1]+. 
1H NMR: δ 1.29 (d, 9H, 2JHP = 10.4 Hz, P(CH3)3); 1.87 (d, 
15H, 4JHP = 1.6 Hz, C5(CH3)5); 3.70 (s, 3H, OCH3); 5.92–5.94 
(m, 1H, C2H); 6.98–7.03 (m, 1H, Ph); 7.15–7.21 (m, 2H, Ph); 
7.42–7.46 (m, 3H, Ph + C4H) ppm. 
31P{1H} NMR: δ –40.72 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.7 (s, C5(CH3)5); 15.4 (d, 1JCP = 39.0 Hz, P(CH3)3); 56.3 (s, 
OCH3); 94.0 (d, 2JCP = 2.9 Hz, C5(CH3)5); 106.8 (d, 3JCP = 2.0 Hz, C2); 124.0 (s, 1C Ph); 
124.9 (s, 2C Ph); 128.3 (s, 2C Ph); 132.5 (d,  2JCP = 13.6 Hz, C4); 143.1 (d, 3JCP = 2.3 
Hz, C3); 151.0 (d, 4JCP = 1.2 Hz, Cipso); 180.0 (d, 2JCP = 13.7 Hz, C1) ppm. 
Preparation of cis- and trans-[IrCp*Cl{=C(OMe)–CH=C(p–NO2–
C6H4)(Ph)}(PMe3)]PF6 (22) 
To a yellow solution of 5b (300 mg, 0.48 mmol) in methanol (20 mL), 1-(4-
nitrophenyl)-1-phenyl-2-propyn-1-ol (159 mg, 0.62 mmol) was added and the mixture 
was stirred for 20 min. The dark red solution obtained was concentrated under vacuum 





5 mL). Finally, it was dried under vacuum giving a mixture of cis-, trans-22 isomers in 
a ~51:49 mole ratio, respectively. 
Yield: 400 mg (98%). 
Anal. Calcd for C29H37O3NClF6IrP2 (851.23 g/mol): C 40.92, H 4.38, N 1.65; 
found: C 41.05, H 4.45, N 1.71. 
MS (m/z): 706.18114 [M]+. 
IR (cm–1): ν (NO2) 1519 (m), 1346 (m); (PF6) 840 (s). 
cis-22: 1H NMR: δ 1.69 (d, 9H, 2JHP = 11.0 Hz, 
P(CH3)3); 1.79 (d, 15H, 4JHP = 2.2 Hz, C5(CH3)5); 
4.20 (s, 3H, OCH3); 7.34 (d, 2H, 3JHH = 8.9 Hz, 
C2H); 7.37–7.39 (m, 2H, Ph); 7.40–7.60 (m, 3H, 
Ph); 7.64 (s br, 1H, CβH); 8.30 (d, 2H, 3JHH = 8.9 Hz, 
C3H) ppm. 
31P{1H} NMR: δ –144.14 (sept, 1JPF = 710.9 Hz, 
PF6); –30.93 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.2 (s, C5(CH3)5); 15.2 (d, 1JCP = 40.9 Hz, P(CH3)3); 68.9 (s, 
OCH3); 99.2 (d, 2JCP = 2.2 Hz, C5(CH3)5); 124.0 (s, 2C C3); 129.2 (s, 2C C2); 129.7 (s, 
2C Ph); 129.8 (s, 2C Ph); 132.3 (s, 1C Ph); 138.9 (s, Cipso); 139.5 (s, Cβ); 146.1 (s, C1); 
148.2 (s, C4); 150.7 (s br, C); 264.0 (s br, Cα) ppm. 
trans-22: 1H NMR: δ 1.70 (d, 9H, 2JHP = 11.0 Hz, 
P(CH3)3); 1.74 (d, 15H, 4JHP = 2.1 Hz, C5(CH3)5); 4.17 (s, 
3H, OCH3); 6.97 (s br, 1H, CβH); 7.12–7.15 (m, 2H, Ph); 
7.40–7.60 (m, 3H, Ph); 7.59 (d, 2H, 3JHH = 8.9 Hz, C2H); 
8.22 (d, 2H, 3JHH = 8.9 Hz, C3H) ppm. 
31P{1H} NMR: δ –144.14 (sept, 1JPF = 710.9 Hz, PF6); –
29.41 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.2 (s, C5(CH3)5); 15.2 (d, 1JCP = 40.9 
Hz, P(CH3)3); 69.0 (s, OCH3); 100.2 (s br, C5(CH3)5); 
124.3 (s, 2C C3); 130.6 (s, 2C C2); 129.4 (s, 2C Ph); 129.7 (s, 2C Ph); 129.8 (s, 1C Ph); 





Preparation of cis- and trans-[IrCp*Cl{=C(OMe)–CH=C(p–OCH3–
C6H4)(Ph)}(PMe3)]PF6 (23) 
To a yellow solution of 5b (150 mg, 0.24 mmol) in methanol (10 mL), 1-(4-
methoxyphenyl)-1-phenyl-2-propyn-1-ol (74 mg, 0.31 mmol) was added and the 
mixture was stirred for 15 min. The dark solution obtained was vacuum-concentrated 
yielding a dark red solid that was washed with pentane (2 × 5 mL) and diethylether (2 × 
5 mL). Finally, it was dried under vacuum giving cis-, trans-23 isomers in a ~33:66 
mole ratio, respectively. 
Yield: 150 mg (75%). 
Anal. Calcd for C30H40O2ClF6IrP2 (836.26 g/mol): C 43.09, H 4.82; found: C 43.36, 
H 4.77. 
MS (m/z): 691.20651 [M]+; 655.22979 [M–HCl]+. 
IR (cm–1): ν (PF6) 840 (s). 
cis-23: 1H NMR: δ 1.70 (d, 9H, 2JHP = 11.0 Hz, 
P(CH3)3); 1.77 (d, 15H, 4JHP = 2.3 Hz, C5(CH3)5); 
3.87 (s, 3H, C4–OCH3); 4.11 (s, 3H, Cα–OCH3); 6.94 
(d, 2H, 3JHH = 9.0 Hz, C3H); 7.01 (s br, 1H, CβH); 
7.09 (d, 2H, 3JHH = 9.0 Hz, C2H); 7.37–7.40 (m, 2H, 
Ph); 7.40–7.43 (m, 3H, Ph) ppm. 
31P{1H} NMR: δ –144.17 (sept, 1JPF = 710.5 Hz, 
PF6); –29.59 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.3 (s, C5(CH3)5); 15.0 (d, 1JCP = 40.5 Hz, P(CH3)3); 55.9 (s, C4–
OCH3); 68.4 (s, Cα–OCH3); 99.4 (d, 2JCP = 2.2 Hz, C5(CH3)5); 114.4 (s, 2C C3); 129.5 
(s, 3C Ph); 130.2 (s, 2C Ph); 131.2 (s, C1); 131.7 (s, 2C C2); 137.4 (s br, Cβ); 141.1 (s, 








trans-23: 1H NMR: δ 1.70 (d, 9H, 2JHP = 10.8 Hz, 
P(CH3)3); 1.78 (d, 15H, 4JHP = 2.2 Hz, C5(CH3)5); 3.85 (s, 
3H, C4–OCH3); 4.05 (s, 3H, C–OCH3); 6.93 (d, 2H, 3JHH 
= 9.1 Hz, C3H); 7.09–7.12 (m, 2H, Ph); 7.37 (d, 2H, 3JHH = 
9.1 Hz, C2H); 7.43–7.47 (m, 3H, Ph); 7.49 (s br, 1H, CβH) 
ppm. 
31P{1H} NMR: δ –144.17 (sept, 1JPF = 710.5 Hz, PF6); –
31.05 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.2 (s, C5(CH3)5); 15.0 (d, 1JCP = 40.5 Hz, 
P(CH3)3); 56.1 (s, C4–OCH3); 68.0 (s, Cα–OCH3); 98.6 (d, 2JCP = 2.6 Hz, C5(CH3)5); 
115.1 (s, 2C C3); 128.7 (s, 2C Ph); 128.7 (s, 2C Ph); 129.4 (s, 1C Ph); 132.1 (s, C1); 
132.3 (s, 2C C2); 136.7 (d, 3JCP = 3.1 Hz, Cβ); 139.7 (s, Cipso); 163.5 (s, C4); 155.6 (s br, 
C); 259.4 (d, 2JCP = 11.5 Hz, Cα) ppm. 
Preparation of cis- and trans-[IrCp*Cl{=C(OMe)–CH=C(p–CH3–
C6H4)(Ph)}(PMe3)]PF6 (24) 
To a yellow solution of 5b (150 mg, 0.24 mmol) in methanol (10 mL), 1-(4-
methylphenyl)-1-phenyl-2-propyn-1-ol (70 mg, 0.31 mmol) was added and the mixture 
was stirred for 15 min. The dark solution obtained was vacuum-concentrated yielding a 
dark green solid that was washed with pentane (2 × 5 mL) and diethylether (2 × 5 mL). 
Finally, the mixture of cis-, trans-24 isomers (~49:51 mole ratio, respectively) was 
dried under vacuum. 
Yield: 153 mg (78%). 
Anal. Calcd for C30H40OClF6IrP2 (820.26 g/mol): C 43.93, H 4.92; found: C 44.06, 
H 4.96. 
MS (m/z): 675.21166 [M]+. 







cis-24: 1H NMR: δ 1.70 (d, 9H, 2JHP = 11.0 Hz, 
P(CH3)3); 1.77 (d, 15H, 4JHP = 2.2 Hz, C5(CH3)5); 
2.42 (s, 3H, CH3); 4.10 (s, 3H, OCH3); 7.01 (d, 2H, 
3JHH = 8.1 Hz, C3H); 7.13 (s br, 1H, CβH); 7.18–7.33 
(m, 2H, C2H); 7.36–7.55 (m, 5H, Ph) ppm. 
31P{1H} NMR: δ –144.17 (sept, 1JPF = 710.6 Hz, PF6); 
–29.80 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.3 (s, C5(CH3)5); 15.1 (d, 1JCP = 
40.4 Hz, P(CH3)3); 21.5 (s, CH3); 68.5 (s, OCH3); 99.4 (d, 2JCP = 2.17 Hz, C5(CH3)5); 
128.7–130.3 (all s, 5C Ph + 4C C6H4CH3); 137.9 (s br, Cβ); 139.5 (s, Cipso); 140.7 (s, 
C1); 140.8 (s, C4); 154.3 (s br, C); 261.6 (d, 2JCP = 11.1 Hz, Cα) ppm. 
trans-24: 1H NMR: δ 1.70 (d, 9H, 2JHP = 10.9 Hz, 
P(CH3)3); 1.78 (d, 15H, 4JHP = 2.3 Hz, C5(CH3)5); 2.37 (s, 
3H, CH3); 4.08 (s, 3H, OCH3); 7.08–7.12 (m, 2H, Ph); 
7.18–7.33 (m, 4H, C3H + C2H); 7.36–7.55 (m, 4H, CβH + 
Ph) ppm. 
31P{1H} NMR: δ –144.17 (sept, 1JPF = 710.6 Hz, PF6); –
30.56 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.2 (s, C5(CH3)5); 15.0 (d, 1JCP = 40.6 Hz, 
P(CH3)3); 21.7 (s, CH3); 68.3 (s, OCH3); 98.9 (d, 2JCP = 2.3 
Hz, C5(CH3)5); 128.7–130.3 (all s, 5C Ph + 4C C6H4CH3); 136.2 (s, C1); 137.3 (s, Cipso); 
137.7 (d, 3JCP = 2.3 Hz, Cβ); 143.2 (s, C4); 154.7 (s br, C); 261.2 (d, 2JCP = 10.3 Hz, Cα) 
ppm. 
Preparation of [IrCp*Cl{=C(OMe)–CH=C(p–CH3–C6H4)2}(PMe3)]PF6 (25)  
To a yellow solution of 5b (150 mg, 0.24 mmol) in methanol (10 mL), 1,1-bis(4-
methylphenyl)-2-propyn-1–ol (73.3 mg, 0.31 mmol) was added and the mixture was 
stirred for 25 min. The dark solution obtained was vacuum-concentrated yielding a dark 
green solid that was washed with pentane (2 × 5 mL) and diethylether (2 × 5 mL). 





Yield: 185 mg (92%). 
Anal. Calcd for C31H42OClF6IrP2 (834.28 g/mol): C 
44.63, H 5.07; found: C 44.77, H 5.12. 
MS (m/z): 689.22838 [M]+. 
IR (cm–1): ν (PF6) 839 (s). 
1H NMR: δ 1.70 (d, 9H, 2JHP = 11.0 Hz, P(CH3)3); 
1.78 (d, 15H, 4JHP = 2.2 Hz, C5(CH3)5); 2.38 (s, 3H, 
CH3); 2.42 (s, 3H, CH3); 4.08 (s, 3H, OCH3); 7.00 (d, 
2H, 3JHH = 8.2 Hz, C6H4CH3); 7.17–7.29 (m, 7H, 
C6H4CH3 + CβH) ppm. 
31P{1H} NMR: δ –144.16 (sept, 1JPF = 710.6 Hz, PF6); –30.15 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.3 (s, C5(CH3)5); 15.0 (d, 1JCP = 40.6 Hz, P(CH3)3); 21.5 (s, CH3); 
21.6 (s, CH3); 68.3 (s, OCH3); 99.1 (d, 2JCP = 2.2 Hz, C5(CH3)5); 129.3 (s, 2C 
C6H4CH3); 129.5 (s, 2C C6H4CH3); 130.1 (s, 2C C6H4CH3); 130.2 (s, 2C C6H4CH3); 
136.4 (s, C1); 137.4 (s, Cβ); 137.7 (s, C1); 140.6 (s, C4); 143.0 (s, C4); 154.9 (s br, C); 
260.7 (d, 2JCP = 10.6 Hz, Cα) ppm. 
Preparation of [IrCp*{=C(OMe)–CH=C(o–C6H3–p–NO2)(Ph)}(PMe3)]PF6 
(26A) and [IrCp*{=C(OMe)–CH=C(o–C6H4)(p–NO2–C6H4)}(PMe3)]PF6 
(26B) 
A dark red solution of the mixture cis-, trans-22 (350 mg, 0.41 mmol) in 30 mL of 
dichloromethane was treated with AgPF6 (117 mg, 0.45 mmol). The brown solution was 
stirred 5 min at room temperature, and then, it was filtered obtaining a brown oil that 
was treated and washed with pentane (3 × 5 mL). Finally, the brown solid was dried 
under vacuum obtaining a mixture of isomers 26A,B (~57:43 mole ratio, respectively). 
This solid was dissolved in dichloromethane and a solution of NaBPh4 in methanol was 
added dropwise yielding brown monocrystals of complex 26B adequate for X-ray 
diffraction analysis. 
Yield: 240 mg (72%). 
Anal. Calcd for C29H36O3NF6IrP2 (814.77 g/mol): C 42.75, H 4.45, N 1.72; found: 




MS (m/z): 670.20487 [M]+. 
IR (cm–1): ν (NO2) 1519 (m) and 1345 (m); (PF6) 839 (s). 
26A: 1H NMR: δ 1.30 (d, 9H, 2JHP = 10.9 Hz, 
P(CH3)3); 1.84 (d, 15H, 4JHP = 1.7 Hz, C5(CH3)5); 
4.50 (d, 3H, 5JHP = 0.8 Hz, OCH3); 6.80 (d, 1H, 
4JHP = 1.0 Hz, C2H); 7.42–7.47 (m, 2H, Ph); 7.56–
7.60 (m, 3H, Ph); 7.79–7.83 (m, 1H, C4H); 7.85–
7.90 (m, 1H,C5H); 8.63 (d, 1H, 4JHP = 2.4 Hz, C7H) 
ppm. 
31P{1H} NMR: δ –144.14 (sept, 1JPF = 711.3 Hz, 
PF6); –34.43 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.6 (s, C5(CH3)5); 14.2 (d, 1JCP = 41.1 Hz, P(CH3)3); 64.9 (s, 
OCH3); 100.9 (d, 2JCP = 1.8 Hz, C5(CH3)5); 118.0 (s, C5); 121.8 (d, 3JCP = 1.9 Hz, C2); 
129.0 (s, 1C Ph); 129.1 (s, 2C Ph); 129.3 (s, 2C Ph); 136.2 (d, 3JCP = 4.7 Hz, C7); 137.2 
(s, C4); 140.6 (s, C9); 140.9 (s, Cipso); 146.8 (s, C6); 154.2 (d, 2JCP = 10.3 Hz, C8); 175.1 
(s, C3); 251.2 (d, 2JCP = 9.7 Hz, C1) ppm. 
26B: 1H NMR: δ 1.27 (d, 9H, 2JHP = 11.0 Hz, P(CH3)3); 
1.81 (d, 15H, 4JHP = 1.7 Hz, C5(CH3)5); 4.43 (d, 3H, 5JHP 
= 0.7 Hz, OCH3); 6.59 (d, 1H, 4JHP = 1.0 Hz, C2H); 7.14–
7.17 (m, 2H, C4H + C5H); 7.48–7.51 (m, 1H, C6H); 
7.61–7.64 (m, 2H, C2’H + C6’H); 7.87–7.88 (m, 1H, 
C7H); 8.33–8.37 (m, 2H, C3’H + C5’H) ppm. 
31P{1H} NMR: δ –144.14 (sept, 1JPF = 710.7 Hz, PF6); –
34.80 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.7 (s, C5(CH3)5); 14.1 (d, 1JCP = 41.0 
Hz, P(CH3)3); 64.1 (s, OCH3); 100.5 (d, 2JCP = 1.9 Hz, 
C5(CH3)5); 118.5 (d, 3JCP = 2.1 Hz, C2); 123.8 (s, C5); 124.0 (s, C3’ + C5’); 130.6 (s, C2’ + 
C6’); 132.1 (s, C4); 133.1 (s, C9); 137.2 (s, C6); 143.2 (d, 3JCP = 4.7 Hz, C7); 148.1 (s, C4’ 
+ C1’); 156.5 (d, 2JCP = 10.3 Hz, C8); 175.1 (s, C3); 249.5 (d, 2JCP = 9.9 Hz, C1) ppm. 





Preparation of [IrCp*{η3–(C9H5)(OMe)(p–NO2–C6H4)}(PMe3)]PF6 
In a NMR tube, a mixture of 26A,B (10 mg, 0.012 mmol) was dissolved in 500 μL 
of dichloromethane-d2 and heated at 308 K for 7 days. After that, complex 26A 
remained unaltered and 26B has almost completely evolved to a new complex 
[IrCp*{η3–(C9H5)(OMe)(p–NO2–C6H4)}(PMe3)]PF6 (~10:90 mole ratio, respectively). 
1H NMR: δ 1.31 (d, 9H, 2JHP = 9.8 Hz, P(CH3)3); 1.45 (d, 
15H, 4JHP = 2.0 Hz, C5(CH3)5); 3.86 (s, 3H, OCH3); 5.98 
(d, 1H, 3JHP = 10.6 Hz, C2H); 6.57 (d, 1H, 3JHH = 7.6 Hz, 
C6H4); 6.84 (d, 1H, 3JHH = 7.6 Hz, C6H4); 7.41–7.46 (m, 
3H, C6H4 + C2’H + C6’H); 7.79–7.84 (m, 1H, C6H4); 
8.17–8.22 (m, 2H, C3’H + C5’H) ppm. 
31P{1H} NMR: δ –144.16 (sept, 1JPF = 710.6 Hz, PF6); –
38.92 (s, P(CH3)3)ppm. 
13C{1H} NMR: δ 8.9 (s, C5(CH3)5); 18.2 (d, 1JCP = 38.5 
Hz, P(CH3)3); 62.0 (s, OCH3); 96.4 (d, 2JCP = 2.6 Hz, C5(CH3)5); 187.0 (C1, observed by 
{1H, 13C} HMBC correlations) ppm. 
Preparation of [IrCp*{=C(OMe)–CH=C(o–C6H3–p–OCH3)(Ph)}(PMe3)]PF6 
(27A) and [IrCp*{=C(OMe)–CH=C(o–C6H4)(p–OCH3–C6H4)}(PMe3)]PF6 
(27B) 
A dark red solution of the mixture cis-, trans-23 (150 mg, 0.18 mmol) in 10 mL of 
dichloromethane was treated with AgPF6 (50 mg, 0.20 mmol). The brown solution was 
stirred 5 min at room temperature, and then, it was filtered and vacuum-concentrated 
giving a dark green oil that was treated and washed with pentane (3 × 5 mL). Finally, 
the dark green solid was dried under vacuum obtaining a mixture of isomers 27A,B 
(~33:66 mole ratio, respectively). 
Yield: 110 mg (76%). 
Anal. Calcd for C30H39O2F6IrP2 (799.80 g/mol): C 45.05, H 4.91; found: C 45.23, H 
4.96. 




IR (cm–1): ν (PF6) 839 (s). 
27A: 1H NMR: δ 1.27 (d, 9H, 2JHP = 10.8 Hz, 
P(CH3)3); 1.80 (d, 15H, 4JHP = 1.6 Hz, C5(CH3)5); 
3.91 (s, 3H, C6–OCH3); 4.31 (s, 3H, C1–OCH3); 
6.54 (s, 1H, C2H); 6.74 (dd, 1H, 3JHH = 9.2 Hz, 
4JHH = 2.7 Hz, C5H); 7.37–7.40 (m, 3H, Ph + 
C7H); 7.50–7.54 (m, 3H, Ph); 7.62 (d, 1H, 3JHH = 
8.9 Hz, C4H) ppm. 
31P{1H} NMR: δ –144.17 (sept, 1JPF = 710.4 Hz, 
PF6); –34.99 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.7 (s, C5(CH3)5); 14.1 (d, 1JCP = 40.9 Hz, P(CH3)3); 55.8 (s, C6–
OCH3); 63.0 (s, C1–OCH3); 100.0 (d, 2JCP = 2.0 Hz, C5(CH3)5); 110.4 (s, C5); 116.1 (d, 
3JCP = 2.0 Hz, C2); 126.9 (s, Cipso); 127.9 (d, 3JCP = 5.2 Hz, C7); 128.8–129.7 (all s, Ph); 
140.5 (s, C4); 142.4 (s, C9); 160.1 (d, 2JCP =10.1 Hz, C8); 162.0 (s, C6); 178.7 (s, C3); 
241.7 (d, 2JCP = 10.6 Hz, C1) ppm. 
27B: 1H NMR: δ 1.24 (d, 9H, 2JHP = 10.8 Hz, P(CH3)3); 
1.77 (d, 15H, 4JHP = 1.6 Hz, C5(CH3)5); 3.90 (s, 3H, C6–
OCH3); 4.38 (s, 3H, C1–OCH3); 6.64 (s, 1H, C2H); 7.05 
(d, 2H, 3JHH = 8.8 Hz, C3’H + C5’H); 7.09–7.14 (m, 1H, 
C6H); 7.14–7.19 (m, 1H, C5H); 7.41 (d, 2H, 3JHH = 7.13 
Hz, C2’H + C6’H); 7.71 (dd, 1H, 3JHH = 7.8 Hz, 4JHH = 1.7 
Hz, C4H); 7.80–7.84 (m, 1H, C7H) ppm. 
31P{1H} NMR: δ –144.17 (sept, 1JPF = 710.4 Hz, PF6); –
34.83 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.7 (s, C5(CH3)5); 14.3 (d, 1JCP = 40.8 
Hz, P(CH3)3); 56.0 (s, C6–OCH3); 63.6 (s, C1–OCH3); 99.8 (d, 2JCP = 2.0 Hz, C5(CH3)5); 
114.4 (s, C3’ + C5’); 118.7 (d, 3JCP = 2.0 Hz, C2); 123.6 (s, C5); 131.2 (s, C2’ + C6’); 131.6 
(s, C6); 134.2 (s, C1’); 134.5 (s, C9); 137.7 (s, C4); 143.1 (d, 3JCP = 5.1 Hz, C7); 156.0 (d, 





Preparation of [IrCp*{=C(OMe)–CH=C(o–C6H3–p–CH3)(Ph)}(PMe3)]PF6 
(28A) and [IrCp*{=C(OMe)–CH=C(o–C6H4)(p–CH3–C6H4)}(PMe3)]PF6 
(28B) 
A green solution of the mixture cis-, trans-24 (130 mg, 0.16 mmol) in 10 mL of 
dichloromethane was treated with AgPF6 (45 mg, 0.17 mmol). The brown solution was 
stirred 5 min at room temperature, and then, it was filtered and vacuum-concentrated 
giving a dark green oil that was treated and washed with pentane (3 × 5 mL). The dark 
green solid obtained was dried under vacuum yielding a mixture of the isomers 28A,B 
(~49:51 mole ratio, respectively). 
Yield: 105 mg (84%). 
Anal. Calcd for C30H39OF6IrP2 (783.80 g/mol): C 45.97, H 5.02; found: C 45.19, H 
5.07. 
MS (m/z): 639.22447 [M]+. 
IR (cm–1): ν (PF6) 840 (s). 
28A: 1H NMR: δ 1.25 (d, 9H, 2JHP = 10.9 Hz, 
P(CH3)3); 1.78 (d, 15H, 4JHP = 1.6 Hz, C5(CH3)5); 
2.41 (s, 3H, CH3); 4.35 (s, 3H, OCH3); 6.58 (s, 1H, 
C2H); 6.94–7.00 (m, 1H, C5H); 7.39–7.42 (m, 2H, 
Ph); 7.51–7.56 (m, 4H, H4 + Ph); 7.66–7.68 (m, 
1H, C7H) ppm. 
31P{1H} NMR: δ –144.17 (sept, 1JPF = 710.4 Hz, 
PF6); –34.87 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.7 (s, C5(CH3)5); 14.2 (d, 1JCP = 
40.7 Hz, P(CH3)3); 21.3 (s, CH3); 63.4 (s, OCH3); 99.9 (d, 2JCP = 1.8 Hz, C5(CH3)5); 
117.7 (d, 3JCP = 2.0 Hz, C2); 124.8 (s, C5); 128.6–129.9 (all s, Ph); 131.4 (s, C9); 137.8 
(s, C4); 142.1 (s, Cipso); 142.9 (s, C6); 143.9 (d, 3JCP = 4.9 Hz, C7); 157.0 (d, 2JCP = 10.2 





28B: 1H NMR: δ 1.25 (d, 9H, 2JHP = 10.9 Hz, P(CH3)3); 
1.78 (d, 15H, 4JHP = 1.6 Hz, C5(CH3)5); 2.47 (s, 3H, 
CH3); 4.37 (s, 3H, OCH3); 6.63 (s, 1H, C2H); 7.10–7.14 
(m, 2H, C5H + C6H); 7.32–7.35 (m, 4H, C6H4CH3); 
7.66–7.70 (m, 1H, C4H); 7.81–7.84 (m, 1H, C7H) ppm. 
31P{1H} NMR: δ –144.17 (sept, 1JPF = 710.4 Hz, PF6); –
35.05 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.7 (s, C5(CH3)5); 14.1 (d, 1JCP = 40.8 
Hz, P(CH3)3); 21.5 (s, CH3); 63.6 (s, OCH3); 100.0 (d, 
2JCP = 1.9 Hz, C5(CH3)5); 118.7 (d, 3JCP = 2.1 Hz, C2); 
123.6 (s, C5); 128.6–129.9 (all s, C6H4CH3); 131.7 (s, C6); 134.4 (s, C9); 137.9 (s, C4); 
139.1 (s, C1’); 140.7 (s, C4’); 143.0 (d, 3JCP = 5.0 Hz, C7); 156.1 (d, 2JCP = 10.1 Hz, C8); 
179.0 (s, C3); 247.6 (d, 2JCP = 10.4 Hz, C1) ppm. 
Note: During NMR characterization the formation of 32B (~5%) was observed. 
Preparation of [IrCp*{=C(OMe)–CH=C(o–C6H3–p–CH3)(p–CH3–
C6H4)}(PMe3)]PF6 (29) 
A dark red solution of 25 (160 mg, 0.19 mmol) in 10 mL of dichloromethane was 
treated with AgPF6 (54 mg, 0.21 mmol). The brown solution was stirred 5 min at room 
temperature, and then, it was filtered and vacuum-concentrated giving a dark green oil 
that was treated and washed with pentane (3 × 5 mL) to finally, dried the dark green 
solid under vacuum. 
Yield: 110 mg (73%). 
Anal. Calcd for C31H41OF6IrP2 (797.82 g/mol): C 
46.66, H 5.18; found: C 46.89, H 5.23. 
MS (m/z): 653.25034 [M]+. 
IR (cm–1): ν (PF6) 839 (s). 
1H NMR: δ 1.25 (d, 9H, 2JHP = 10.8 Hz, P(CH3)3); 
1.78 (d, 15H, 4JHP = 1.7 Hz, C5(CH3)5); 2.40 (s, 3H, 
C6–CH3); 2.46 (s, 3H, C4’–CH3); 4.34 (s, 3H, 





Hz, 4JHH = 1.2 Hz, C5H); 7.28–7.37 (m, 4H, C6H4); 7.57 (d, 1H, 3JHH = 8.2 Hz, C4H); 
7.67 (s br, 1H, C7H) ppm. 
31P{1H} NMR: δ –144.17 (sept, 1JPF = 710.4 Hz, PF6); –35.04 (s, P(CH3)3) ppm. 
13C{1H} NMR: δ 9.7 (s, C5(CH3)5); 14.1 (d, 1JCP = 40.8 Hz, P(CH3)3); 21.3 (s, C6–
CH3); 21.5 (s, C4’–CH3); 63.3 (s, OCH3); 99.9 (d, 2JCP = 2.0 Hz, C5(CH3)5); 117.7 (d, 
3JCP = 1.7 Hz, C2); 124.8 (s, C5); 129.2 (s, C6H4); 129.5 (s, C6H4); 131.6 (s, C9); 137.9 
(s, C4); 139.2 (s, C1’); 140.5 (s, C4’); 142.8 (s, C6); 144.0 (d, 3JCP = 5.0 Hz, C7); 156.9 (d, 
2JCP = 10.3 Hz, C8); 179.4 (s, C3); 245.1 (d, 2JCP = 10.4 Hz, C1) ppm. 
Preparation of 6-Nitro-3-phenylindan-1-one (30A) and 3-(4-
Nitrophenyl)indan-1-one (30B) 
A dark brown solution of a 26A,B mixture (106 mg, 0.13 mmol) in 10 mL of 1,2-
dichloroethane was stirred and heated at 338 K for 24 hours. The brown solution 
obtained was vacuum-concentrated yielding a brown oil from which the indanone was 
extracted with diethylether. The solid that remains after the extraction was washed with 
pentane (3 × 4 mL) and it was identified as the complex 26A without alteration (60.4 
mg, 0.074 mmol). On the other hand, the indanone 30B was purified through a silica 
column using hexane/AcOEt (7:4) as eluent. 
Yield (calculated on the complex 26B): 12.8 mg (90%). 
Anal. Calcd for C15H11O3N (253.26 g/mol): C 71.14, H 4.38, N 
5.53; found: C 71.21, H 4.40, N 5.57. 
MS (m/z): 254.0769 [M+1]+; 253.0736 [M]; 207.08 [M–
NO2]+. 
IR (cm–1): ν (CO) 1712 (s); (NO2) 1518 (s) and 1348 (s). 
1H NMR: δ 2.64 (dd, 1H, 2JHH = 19.2 Hz, 3JHH = 3.9 Hz, C2H2); 
3.26 (dd, 1H, 2JHH = 19.2 Hz, 3JHH = 8.2 Hz, C2H2); 4.74 (dd, 1H, 3JHH = 8.2 Hz, 3JHH = 
3.7 Hz, C3H); 7.24–7.28 (m, 1H, C4H); 7.30–7.34 (m, 2H, C2’H + C6’H); 7.45–7.51 (m, 





13C{1H} NMR: δ 44.5 (s, C3); 46.7 (s, C2); 123.9 (s, C7); 124.5 (s, C3’ + C5’); 127.2 
(s, C4); 128.8 (s, C6); 129.0 (s, C2’ + C6’); 135.7 (s, C5); 137.3 (s, C8); 147.4 (s, C4’); 
151.8 (s, C1’); 156.7 (s, C9); 204.6 (s, CO) ppm.  
A dark brown solution of the complex 26A previously isolated (60.4 mg, 0.074 
mmol) in 10 mL of 1,2-dichloroethane was stirred and heated at 368 K for 24 hours. 
The brown solution obtained was vacuum-concentrated yielding a brown oil. The 
mixture of 30A,B (~30:70 mole ratio, respectively) was extracted with diethylether and 
purified through a silica column using hexane/AcOEt (7:4) as eluent. 
Yield: 17 mg (91%) (~27% for 30A). 
30A: 1H NMR: δ 2.81 (dd, 1H, 2JHH = 19.5 Hz, 3JHH = 4.1 
Hz, C2H2); 3.35 (dd, 1H, 2JHH = 19.4 Hz, 3JHH = 8.2 Hz, 
C2H2); 4.69 (dd, 1H, 3JHH = 8.3 Hz, 3JHH = 4.0 Hz, C3H); 
7.12–7.38 (Ph, overlapped with isomer 30B); 7.45 (d, 1H, 
3JHH = 8.4 Hz, C4H); 8.40 (dd, 1H, 3JHH = 8.4 Hz, 4JHH = 2.2 
Hz, C5H); 8.56 (d, 1H, 4JHH = 2.1 Hz, C7H) ppm. 
13C{1H} NMR: δ 45.0 (s, C3); 47.5 (s, C2); 119.0 (s, C7); 126.7–130.4 (Ph + C4, 
overlapped with isomer 30B); 129.5 (s, C5); 138.1 (s, C8); 142.6 (s, C6); 136.4 (s, C1’); 
163.8 (s, C9); 203.8 (s, CO) ppm. 
A brown suspension of 26A,B (100 mg, 0.12 mmol) in 10 mL of carbon 
tetrachloride was stirred and heated at 348 K for 18 hours. The brown solution obtained 
was filtered and vacuum-concentrated giving a brown oil. The mixture 30A,B (~30:70 
mole ratio, respectively) was extracted with diethylether and purified through a silica 
column using hexane/AcOEt (7:4) as eluent. Yield: 28 mg (92%). 
Preparation of 6-Methoxy-3-phenylindan-1-one (31A) and 3-(4-
Methoxyphenyl)indan-1-one (31B) 
A dark brown solution of a 27A,B mixture (100 mg, 0.125 mmol) in 10 mL of 1,2-
dichloroethane was stirred and heated at 338 K for 24 hours. The brown solution 
obtained was vacuum-concentrated yielding a brown oil from which 31A,B were 





pentane (3 × 4 mL) and it was identified as the complex 27A (29.1 mg, 0.036 mmol). 
On the other hand, the mixture 31A,B (~13:87 mole ratio, respectively) was purified 
through a silica column using hexane/AcOEt (7:4) as eluent. 
Yield: 18 mg (60%) (~80% for 31B calculated on complex 27B). 
Anal. Calcd for C16H14O2 (238.29 g/mol): C 80.65, H 5.92; found: C 80.92, H 6.01. 
MS (m/z): 239.1024 [M+1]+; 238.0992 [M]; 223.08 [M–CH3]+. 
IR (cm–1): ν (CO) 1710 (s). 
31B: 1H NMR: δ 2.60 (dd, 1H, 2JHH = 19.1 Hz, 3JHH = 3.9 Hz, 
C2H2); 3.18 (dd, 1H, 2JHH = 19.2 Hz, 3JHH = 8.0 Hz, C2H2); 
3.77 (s, 3H, OCH3); 4.55 (dd, 1H, 3JHH = 7.9 Hz, 3JHH = 3.9 
Hz, C3H); 6.84 (d, 2H, 3JHH = 8.7 Hz, C3’H + C5’H); 7.05 (d, 
2H, 3JHH = 8.7 Hz, C2’H + C6’H); 7.26 (d, 1H, 3JHH = 7.7 Hz, 
C4H); 7.41 (t, 1H, 3JHH = 7.4 Hz, C6H); 7.55–7.61 (m, 1H, 
C5H); 7.75 (d, 1H, 3JHH = 7.6 Hz, C7H) ppm. 
13C{1H} NMR: δ 44.0 (s, C3); 47.3 (s, C2); 55.6 (s, OCH3); 114.5 (s, C3’ + C5’); 
123.4 (s, C7); 127.2 (s, C4); 128.1 (s, C6); 129.0 (s, C2’ + C6’); 135.3 (s, C5); 136.3 (s, 
C1’); 137.1 (s, C8); 158.7 (s, C9); 159.0 (s, C4’); 206.0 (s, CO) ppm. 
A dark brown solution of the complex 27A previously isolated (29.1 mg, 0.036 
mmol) in 10 mL of 1,2-dichloroethane was stirred and heated at 368 K for 24 hours. 
The brown solution obtained was vacuum-concentrated yielding a brown oil. A mixture 
of 31A and 6-methoxy-3-phenylinden-1-one (~70:30 mole ratio, respectively) was 
extracted with diethylether and purified through a silica column using hexane/AcOEt 
(7:4) as eluent. 
Yield: 1.6 mg (19%) (~13% for 31A) 
31A: 1H NMR: δ 2.64 (dd, 1H, 2JHH = 19.2 Hz, 3JHH = 3.6 
Hz, C2H2); 3.22 (dd, 1H, 2JHH = 19.1 Hz, 3JHH = 7.9 Hz, 
C2H2); 3.86 (s, 3H, OCH3); 4.53 (dd, 1H, 3JHH = 7.8 Hz, 
3JHH = 3.7 Hz, C3H); 7.10–7.14 (m, 2H, Ph); 7.15–7.17 (m, 
2H, C4H + C5H); 7.20–7.25 (m, 2H, C7H + Ph); 7.28–7.33 




13C{1H} NMR: δ 44.1 (s, C3); 47.9 (s, C2); 56.1 (s, OCH3); 104.8 (s, C7); 124.4 (s, 
C5); 127.2 (s, 2C Ph); 127.8 (s, 1C Ph); 127.9 (s, 2C Ph); 128.0 (s, C4); 160.2 (C6, 
observed by {1H, 13C} HMBC correlations) ppm. Due to the final product mixture, the 
rest of the signals could not be assigned. 
A brown suspension of 27A,B (65 mg, 0.08 mmol) in 10 mL of carbon tetrachloride 
was stirred and heated at 348 K for 24 hours. The brown solution obtained was filtered 
and vacuum-concentrated obtaining a brown oil. The mixture 31A,B (~15:85 mole ratio, 
respectively) was extracted with diethylether and purified through a silica column using 
hexane/AcOEt (7:4) as eluent. On the other hand, the solid that remains after the 
filtration was washed with pentane (3 × 4 mL) and identified as the complex 27A (17 
mg, 0.021 mmol) Yield: 12.7 mg (67%)(~86% for 31B calculated on complex 27B). 
Preparation of 6-Methyl-3-phenylindan-1-one (32A) and 3-(4-
Methylphenyl)indan-1-one (32B) 
A dark green suspension of 28A,B (80 mg, 0.10 mmol) in 10 mL of carbon 
tetrachloride was stirred and heated at 348 K for 24 hours. The brown solution obtained 
was filtered and vacuum-concentrated giving a brown oil. The mixture of 32A,B 
(~45:55 mole ratio, respectively) was purified through a silica column using 
hexane/AcOEt (95:5) as eluent. 
Yield: 20.2 mg (91%). 
Anal. Calcd for C16H14O (222.29 g/mol): C 86.45, H 6.35; found: C 86.62, H 6.39. 
MS (m/z): 223.1079 [M+1]+; 222.1040 [M]; 207.08 [M–CH3]+; 145.06 [M–Ph]+; 
130.04 [M–C6H4–CH3]+. 
IR (cm-1): ν (CO) 1713 (s). 
32A: 1H NMR: δ 2.42 (s, 3H, CH3); 2.64 (dd, 1H, 2JHH = 
19.1 Hz, 3JHH = 3.6 Hz, C2H2); 3.20 (dd, 1H, 2JHH = 19.1 
Hz, 3JHH = 8.0 Hz, C2H2); 4.55 (dd, 1H, 3JHH = 7.8 Hz, 3JHH 
= 3.9 Hz, C3H); 7.13–7.18 (m, 4H, C4H + Ph); 7.28–7.33 






13C{1H} NMR: δ 21.2 (s, CH3); 44.4 (s, C3); 47.5 (s, C2); 123.3 (s, C7); 126.8 (s, 
C4); 127.2 (s, 1C Ph); 128.0 (s, 2C Ph); 129.2 (s, 2C Ph); 135.6 (s, C5); 137.1 (s, C8); 
138.4 (s, C6); 144.6 (s, C1’); 155.8 (s, C9); 205.9 (s, CO) ppm. 
32B: 1H NMR: δ 2.32 (s, 3H, CH3); 2.63 (dd, 1H, 2JHH = 19.1 
Hz, 3JHH = 3.8 Hz, C2H2); 3.18 (dd, 1H, 2JHH = 19.1 Hz, 3JHH = 
8.0 Hz, C2H2); 4.56 (dd, 1H, 3JHH = 7.8 Hz, 3JHH = 3.9 Hz, C3H); 
7.02 (d, 2H, 3JHH = 8.1 Hz, C2’H + C6’H); 7.13 (d, 2H, 3JHH = 7.7 
Hz, C3’H + C5’H); 7.22–7.29 (m, 1H, C4H); 7.39–7.44 (m, 1H, 
C6H); 7.55–7.60 (m, 1H, C5H); 7.76 (d, 1H, 3JHH = 7.7 Hz, C7H) 
ppm. 
13C{1H} NMR: δ 21.1 (s, CH3); 44.4 (s, C3); 47.1 (s, C2); 123.4 (s, C7); 127.1 (s, 
C4); 127.8 (s, C2’ + C6’); 128.0 (s, C6); 129.8 (s, C3’ + C5’); 135.3 (s, C5); 137.0 (s, C4’); 
137.1 (s, C8); 141.3 (s, C1’); 158.6 (s, C9); 206.0 (s, CO) ppm. 
Preparation of 3-(4-Methylphenyl)-6-methylindan-1-one (33) 
A dark brown suspension of 29 (120 mg, 0.15 mmol) in 10 mL of carbon 
tetrachloride was stirred and heated at 348 K for three days. The brown solution 
obtained was filtered and vacuum-concentrated giving a brown oil. The indanone was 
extracted with diethylether and purified through a silica column using hexane/AcOEt 
(7:4) as eluent. 
Yield: 32.6 mg (92%). 
Anal. Calcd for C17H16O (236.31 g/mol): C 86.41, H 6.82; 
found: C 86.52, H 6.85. 
MS (m/z): 237.1238 [M+1]+; 236.1203 [M]; 221.09 [M–
CH3]+. 
IR (cm–1): ν (CO) 1715 (s). 
1H NMR: δ 2.31 (s, 3H, C4’–CH3); 2.42 (s, 3H, C6–CH3); 
2.61 (dd, 1H, 2JHH = 19.1 Hz, 3JHH = 3.8 Hz, C2H2); 3.17 (dd, 1H, 2JHH = 19.1 Hz, 3JHH = 
8.0 Hz, C2H2); 4.50 (dd, 1H, 3JHH = 7.9 Hz, 3JHH = 3.7 Hz, C3H); 6.98–7.03 (m, 2H, 
C2’H + C6’H); 7.09–7.13 (m, 2H, C3’H + C5’H); 7.14 (d, 1H, 3JHH = 7.78 Hz, C4H); 




13C{1H} NMR: δ 21.1 (s, C4’–CH3); 21.2 (s, C6–CH3); 44.0 (s, C3); 47.5 (s, C2); 
123.3 (s, C7); 126.8 (s, C4); 127.8 (s, C2’ + C6’); 129.8 (s, C3’ + C5’); 136.5 (s, C5); 136.9 

























Los derivados organometálicos con metales de transición son compuestos de gran 
importancia en química orgánica y organometálica debido a su uso como catalizadores o 
intermedios de reacción en un gran número de procesos incluyendo reacciones de 
acoplamiento C–C y C–heteroátomo. 
Existe una serie de factores que hay que tener en cuenta a la hora de utilizar estos 
complejos organometálicos: 1) la capacidad que poseen de cambiar el número de 
coordinación del centro metálico, 2) la labilidad del enlace σ M–C y, 3) la gran variedad 
de disposiciones de la esfera de coordinación alrededor del metal de transición. 
Los metales de transición tienen, además de los orbitales ns y np, los orbitales (n-
1)d como orbitales de valencia. Estos orbitales d están parcialmente ocupados, lo que 
confiere al metal propiedades electrónicas, pudiendo ser dador o aceptor de electrones. 
Dependiendo del tipo de ligando coordinado al centro metálico, podemos tener 
variaciones sustanciales del orden de enlace metal–carbono; por ejemplo, la presencia 
de ligandos carbonilo en la esfera de coordinación puede variar el orden del doble 
enlace metal–carbono en un ligando carbeno debido a la sinergia σ-dador/π-aceptor. Por 
tanto, un aspecto importante de la química organometálica es la elección apropiada del 
centro metálico y de los ligandos coordinados al mismo. 
En este trabajo, nos centramos en el fragmento [IrCp*(L)] (Cp* = 1,2,3,4,5-
pentametilciclopentadienilo) donde L es un ligando fosfano (dimetilfenilfosfano 
(PPh2Me) o trimetilfosfano (PMe3) principalmente). La elección del iridio como centro 
metálico se basa en su posición en la tabla periódica ya que, como metal de los últimos 
grupos de transición, la retrodonación está menos marcada facilitando el ataque 
nucleófilo sobre ligandos insaturados como son los carbenos. Además, al estar situado 
en la tercera serie de transición, tiene la capacidad de estabilizar complejos en altos 
estados de oxidación como por ejemplo [IrVCp*Me4]. 
El ligando Cp* en los compuestos objeto de este trabajo actúa como espectador, 
es decir, previene la “pérdida” del centro metálico, incrementa la solubilidad en 
disolventes orgánicos, influye en la propiedades estéricas (posee un ángulo cónico de 
143°) y electrónicas (es un ligando dador π) del complejo y ocupa tres posiciones de 




ligandos que se disocian o permiten reacciones químicas sobre ellos) disponiendo una 
estructura semi-sandwich a los complejos. Debido a estas características, el ligando Cp* 
estabiliza un gran número de complejos organometálicos en distintos estados de 
oxidación. 
Los fosfanos, PR3, son capaces de modular tanto propiedades estéricas como 
electrónicas en los complejos organometálicos simplemente variando la naturaleza de 
los sustituyentes R. Estos sustituyentes determinan la capacidad dadora/aceptora de los 
fosfanos y su tamaño (cuantificado por el ángulo cónico). 
Por ello, la sinergia que se establece entre iridio, Cp* y ligando fosfano puede 
favorecer reacciones como disociación de ligandos, coordinación de moléculas 
orgánicas, reacciones de activación C–H, reacciones de acoplamiento C–C y C–
heteroátomo o estabilización de complejos organometálicos. 
El primer objetivo de este trabajo es la búsqueda de precursores que permitan la 
coordinación de moléculas orgánicas sencillas para su posterior funcionalización. El 
enlace M–H juega un papel importante no sólo en reacciones catalíticas que involucran 
inserción hidrúrica como etapa clave, sino también en reacciones estequiométricas 
conduciendo a una amplia variedad de complejos organometálicos como carbenos, 
vinilideno, etc. Además, son capaces de generar vacantes coordinativas gracias a la 
formación de hidrógeno molecular. Por todo ello, este tipo de complejos son 
considerados buenos productos de partida. En el capítulo 1 se describe la síntesis de 
nuevos complejos dihidruro semi-sandwich de iridio(III) con los ligandos fosfano 
PPh2Me y 1,3,5-triaza-7-fosfaadamantano (PTA), [IrCp*(H)2(L)] (L = PPh2Me (1), 
PTA (2)). Estos complejos se obtuvieron mediante la reacción del diclorocomplejo 
correspondiente, [IrCp*Cl2(L)] (L = PPh2Me, PTA) con un exceso de dihidrurobis(2-






La protonación del dihidruro 1 con HBF4·Et2O (ec 2) a baja temperatura dio lugar 
al trihidruro [IrCp*H3(PPh2Me)]BF4 (4), el cual presenta procesos de acoplamiento 
cuántico entre los protones hidrúricos debido a que el trihidruro presenta un sistema de 
spin A2B con una gran constante de acoplamiento AB dependiente de la temperatura. 
 
Este fenómeno, que recibe el nombre de acoplamiento por intercambio cuántico, 
tiene lugar en polihidrurocomplejos en los que los núcleos de hidrógeno se unen a un 
metal de transición de forma menos rígida que como lo hace, por ejemplo, en una 
molécula orgánica. La elevada fluxionalidad de estos núcleos de hidrógeno en el 
complejo hace necesario un tratamiento mecanocuántico de los mismos si se quiere 
profundizar en su comportamiento. También se confirmó la naturaleza clásica de todos 
los hidrurocomplejos obtenidos mediante el cálculo del tiempo de relajación 
longitudinal (T1(min)). El T1 se refiere al fenómeno por el cual un núcleo dipolar, por 
ejemplo un protón, es relajado por otro núcleo dipolar cercano. La relajación se hace 
más eficiente con la inversa de la sexta potencia de la distancia entre ambos núcleos 
dipolares. Así, el límite superior para asegurar la presencia de un hidrurocomplejo no 
clásico es de un T1(min) = 80 ms a 250 MHz. Por otra parte, los valores de T1(min) 
superiores a 150 ms a 250 MHz serán indicativos de un hidrurocomplejo de naturaleza 
clásica. Dado que los valores de T1 son generalmente proporcionales al campo 
magnético aplicado, es necesario especificar este valor. Este criterio lleva implícita la 
consideración de que el único mecanismo responsable de la relajación es el dipolo–
dipolo entre núcleos de hidrógeno pero pueden existir también interacciónes dipolo-
dipolo M–hidrógeno y ligando–hidrógeno, casos en los que el valor de T1(min) deja de ser 
proporcional a la frecuencia del instrumento. 
En un intento de mejorar el rendimiento de la síntesis del complejo dihidruro 1, se 
realizó la reacción del complejo dicloruro [IrCp*Cl2(PPh2Me)] con NaOMe en MeOH 





naturaleza desconocida. En un intento por conocer la identidad de este nuevo compuesto 
se llevó a cabo la reacción del complejo [IrCp*Cl2(PPh2Me)] con monóxido de carbono 
(g) en schlenk cerrado, obteniéndose el complejo carbonilo semi-sandwich de iridio 
[IrCp*Cl(CO)(PPh2Me)]Cl (3) (ec 3) que no se corresponde con el producto no 
identificado obtenido en la reacción anterior. 
 
Debido a la inexistente reactividad de estos nuevos hidrurocomplejos con 
moléculas orgánicas y al bajo rendimiento en su síntesis, se descarta su uso como 
compuestos de partida en la formación de otros complejos organometálicos. 
En el capítulo 2 se decide utilizar como precursor el solvato complejo 
[IrCp*Cl(NCMe)(PPh2Me)]PF6 (5a) (sintetizado por reacción de [IrCp*Cl2(PPh2Me)] 
con TlPF6 en acetonitrilo, ec 4) debido a la labilidad del ligando acetonitrilo, lo cual 
permite generar una vacante coordinativa que puede ser usada para coordinar moléculas 
orgánicas. 
 
Por esta razón, el complejo monoacetonitrilo 5a se hizo reaccionar con 1,1-
difenil-2-propin-1-ol en metanol dando lugar al primer complejo 
(metoxi)alquenilcarbeno semi-sandwich de iridio, 
[IrCp*Cl{=C(OMe)CH=CPh2}(PPh2Me)]PF6 (6a) (Esquema 1). La obtención de 6a se 
produce mediante la formación de un complejo intermedio alenilideno de fórmula 
[IrCp*Cl{=C=C=CPh2}(PPh2Me)]PF6 (A). Este intermedio alenilideno sufre el ataque 






transferencia del protón al carbono beta (Esquema 1). Este complejo intermedio 
alenilideno también se observó (no se puedo aislar debido a su baja estabilidad) cuando 
la reacción se realizó en diclorometano, lo cual confirma el mecanismo propuesto en el 
Esquema 1. El complejo 6a fue deprotonado por reacción con tert-butóxido potásico en 
diclorometano obteniendo el derivado metoxialenil, 
[IrCp*Cl{C(OMe)=C=CPh2}(PPh2Me)] (7) (Esquema 1). 
Esquema 1. Formación de los Complejos Alenilideno (A), (Metoxi)alquenilcarbeno 
(6a) y Metoxialenil (7) de Iridio. 
 
En este capítulo también se estudia el comportamiento del 
(metoxi)alquenilcarbeno 6a frente a diversas aminas y amoníaco acuoso. El 
(metoxi)alquenilcarbeno 6a puede experimentar el ataque nucleófilo de las aminas por, 
al menos, dos caminos distintos: i) un ataque nucleófilo inusual al enlace carbono (sp3)–
oxígeno, el cual da lugar a un complejo acilo y la alquilación de la amina; ii) el típico 
ataque nucleófilo sobre el carbono carbénico, formando un aminocarbeno de iridio y 




experimentales realizados muestran que todas las aminas utilizadas (primarias, 
secundarias y terciarias) dan lugar a la ruptura heterolítica del enlace carbono (sp3)–
oxígeno formando el complejo acilo [IrCp*Cl{C(O)CH=CPh2}(PPh2Me)] (8), el cual 
evoluciona en disolución metanólica a un producto termodinámicamente más estable, el 
complejo carbonilo [IrCp*{CH=CPh2}(CO)(PPh2Me)]Cl (9) a través de la desinserción 
del CO y el correspondiente desplazamiento del ligando cloruro (Esquema 2). 
Esquema 2. Reacción de Ruptura Heterolítica del Enlace Carbono (sp3)–Oxígeno por 
Aminas y la Desinserción del CO. 
 
En cambio, cuando el nucleófilo es una disolución acuosa de amoníaco al 30%, al 
contrario de lo observado con las aminas, el ataque nucleófilo tiene lugar sobre el 
carbono carbénico obteniendo el aminocarbeno primario esperado, 
[IrCp*Cl{=C(NH2)CH=CPh2}(PPh2Me)]PF6 (11) (ec 5), es decir, tiene lugar la 
aminolisis. 
 
La inusual reactividad de las aminas con el complejo 6a fue estudiada utilizando 
cálculos teóricos con la Teoría del Funcional Densidad. Los resultados teóricos están de 





las aminas como para el amoníaco acuoso, que existe un proceso competitivo entre la 
aminolisis y la ruptura heterolítica del enlace carbono (sp3)–oxígeno. Este proceso es 
consecuencia de un equilibrio entre distintos efectos, un efecto estérico desestabilizante 
y efectos cooperativos estabilizantes. Como consecuencia, la aminolisis es la reacción 
más favorecida con NH3 (ac) y la ruptura heterolítica del enlace carbono (sp3)–oxígeno 
es la reacción más favorecida con aminas cuando reaccionan con 6a. 
Finalmente, se estudió la protonación del derivado acilo (8) con un ácido fuerte 
(HOSO2CF3 o HBF4·Et2O) obteniendose el complejo hidroxicarbeno 
[IrCp*Cl{=C(OH)CH=CPh2}(PPh2Me)]OSO2CF3 (10). Este derivado 10 es inestable y 
evoluciona al clorocarbonilcomplejo 3·OSO2CF3 y a 1,1-difenileteno (Esquema 3). 
Además, si la reacción se realiza con un exceso de ácido, se produce la dimerización del 
1,1-difenileteno obteniendo 3-metil-1,1,3-trifenilindano. 
En conclusión, el capítulo 2 aporta una nueva información sobre el 
comportamiento de los (metoxi)alquenilcarbenos de iridio, los cuales pueden ser una 
buena herramienta en la síntesis organometálica para la obtención de nuevos 
catalizadores. 







En el capítulo 3 se utilizan como precursores los complejos 
(metoxi)alquenilcarbeno de iridio 6a y [IrCp*Cl{=C(OMe)CH=CPh2}(PMe3)]PF6 (6b) 
para la obtención de nuevos complejos iridanaftaleno [IrCp*{=C(OMe)CH=CPh(o–
C6H4)}(L)]PF6 (12) (L= PPh2Me (a), PMe3 (b)) (ec 6). La síntesis de estos 
iridanaftalenos se produce a través de una reacción de activación C–H intramolecular de 
un anillo fenilo del ligando alquenilcarbeno, la cual está favorecida por la abstracción 
del ligando cloruro con hexafluorofosfato de plata. 
Dentro de la gran familia de los compuestos metalacíclicos, los metalanaftalenos 
son los menos conocidos y explorados. Solamente dos metalanaftalenos han sido 
encontrados en la bibliografía, uno con osmio (μ-
Cl)3[Os{=CHC(PPh3)=CH(C6H4)}(PPh3)]2(BF4) y otro con iridio 
[IrTpMe2{=CRCR=CR(C6H4)}(OCOR)] (R = CO2Me). Estos derivados metalaciclo son 
interesantes debido a sus posibles propiedades aromáticas y su reactividad 
organometálica, como sucede con metalaciclos aromáticos como los metalabencenos. 
 
Los nuevos iridanaftalenos evolucionan en disolución al derivado 3-fenilindan-1-
ona (13) (Esquema 4). Una serie de experimentos en disolución que se realizaron para 
poder conocer el mecanismo de este proceso nos indica que tiene lugar vía un complejo 
indenilo. La formación del indenilo es análoga a la formación de complejos 
ciclopentadienilo metálicos a partir de metalabencenos. Análogamente, en la 
bibliografía se ha encontrado que el mecanismo propuesto para la formación de un 
compuesto indenilo de osmio es a través de un osmanaftaleno. Los iridanaftalenos 





16 e–, el cual se desliza desde una hapticidad η1 a η3 dando lugar a un complejo indenilo 
más estable de 18 e– [IrCp*{3‐(C9H5)(OMe)(Ph)}(L)]PF6 (14a,b) (Esquema 4). Del 
complejo 14a se obtuvieron monocristales adecuados para su estudio por difracción de 
rayos X, lo cual confirma la naturaleza indenilo del complejo. 
Los experimentos de RMN en disolución realizados también indican que el 
disolvente no está implicado en la transformación de los iridanaftalenos 12a,b en el 
derivado indanona 13, y puede ser que el grupo metilo esté implicado en la 
hidrogenación. Lo que se puede afirmar es que el indenil complejo es un intermedio 
relevante en esta evolución. 
Esquema 4. Mecanismo Propuesto para la Formación de 13 y 14a,b. 
 
Continuando con el estudio de la formación y estabilidad de nuevos complejos 
iridanaftalenos, en el capítulo 4 se sintetizan nuevos complejos (metoxi)alquenilcarbeno 
con distintos grupos R en el fragmento alquenilo, 
[IrCp*Cl{=C(OMe)CH=CR1R2}(L)]PF6 (R1 = CH3, R2= CH3 (15), Ph (17); R1 = Ph, 




metoxicarbenos se utilizaron como productos de partida los complejos monoacetonitrilo 
correspondientes [IrCp*Cl(NCMe)(L)]PF6 (L = PPh2Me (5a), PMe3 (5b)) (ec 7) , o bien 
los dicloruros [IrCp*Cl2(L)] (ec 8). 
 
 
De esta forma se pudo estudiar la formación de nuevos complejos ciclometalados 
mediante la reacción de activación intramolecular C–H de uno de los sustituyentes del 
fragmento alquenilo de los complejos (metoxi)alquenilcarbeno. En el caso de que R1 = 
R2 = CH3 (15a,b) se obtuvieron los complejos iridaciclopenta-1,3-dieno 
[IrCp*{=C(OMe)CH=C(Me)CH2}(L)]PF6 (16a,b) (ec 9). Pero cuando R1 ≠ R2 los 
resultados experimentales indican que la disposición espacial de estos sustituyentes R1 y 
R2 es decisiva a la hora de obtener metalaciclos con un número concreto de miembros 
en el anillo. 
Por tanto, cuando R1 = CH3 y R2 = Ph (17a,b), se obtuvieron los complejos 
iridaciclopenta-1,3-dieno [IrCp*{=C(OMe)CH=C(Ph)CH2}(L)]PF6 (18a,b) (ec 9) pues 
el grupo metilo se encuentra en una posición espacial más cercana al centro metálico lo 






NOESY. Por otro lado, cuando R1 = H y R2 = Ph (19a,b)  no se obtuvo ningún 
metalaciclo, lo cual puede ser debido a la disposición trans de los protones olefínicos 
(constante de acoplamiento de unos 15 Hz, típica para esta disposición) lo que indica 
que el grupo fenilo se encuentra alejado del centro metálico. 
 
Los complejos iridaciclopenta-1,3-dienos (16a,b; 18a,b) fueron tratados 
posteriormente con una base fuerte, tert-butóxido potásico, dando lugar a la abstracción 
de un hidrógeno y la consecuente reorganización electrónica para formar los complejos 
iridaciclopenta-2,4-dienos [IrCp*{C(OMe)=CHCR=CH}(L)] con R = CH3 (20a,b) o R 
= Ph (21a,b) (ec 10). Este tipo de complejos metalaciclopentadieno es interesante por su 
implicación en la ciclooligomerización de alquinos. 
 
Debido a la importancia de la disposición espacial de los sustituyentes en el 
fragmento alquenilo de los complejos (metoxi)alquenilcarbeno para la formación de los 
complejos iridanaftaleno, el objetivo del último capítulo es estudiar la estabilidad de 






grupos fenilo sustituidos en el fragmento alquenilo. Para ello, primero se sintetizaron 
los alcoholes propargílicos utilizados como reactivos en la formación de los 
(metoxi)alquenilcarbenos. Estos alcoholes se obtuvieron mediante la reacción de la 
correspondiente cetona con bromuro de etinilmagnesio (ec 11).  
 
La reacción de los alcoholes propargílicos (I, II, III, IV) con el complejo 
acetonitrilo 5b, dio lugar a los correspondientes complejos (metoxi)alquenilcarbeno de 
iridio, [IrCp*Cl{=C(OMe)CH=CPh(p–R–C6H4)}(PMe3)]PF6 (R = NO2 (cis-, trans-22); 
R = OMe (cis-, trans-23); R = CH3 (cis-, trans-24)) y [IrCp*Cl{=C(OMe)CH=C(p–
CH3–C6H4)2}(PMe3)]PF6 (25) (ec 12). Los (metoxi)alquenilcarbenos se obtuvieron 
como mezcla de isómeros cis y trans en el caso de 22–24.  
 
 
La reacción de los compuestos 22–25 con AgPF6 en diclorometano dio lugar a sus 
respectivos complejos iridanaftaleno [IrCp*{=C(OMe)–CH=C(o–C6H3–p–






[IrCp*{=C(OMe)–CH=C(o–C6H4)(p–R–C6H4)}(PMe3)]PF6 (R = NO2 (26B); R = OMe 
(27B); R = CH3 (28B)) o [IrCp*{=C(OMe)–CH=C(o–C6H3–p–CH3)(p–CH3–
C6H4)}(PMe3)]PF6 (29) (ec 13).  
 
Estos nuevos complejos resultaron ser inestables en disolución evolucionando a 
derivados indanona. Para estudiar esta evolución se preparó una disolución de 26A,B en 
1,2-dicloroetano a 338 K durante 24 h, observándose una mezcla de la indanona 30B y 
el complejo iridanaftaleno 26A que permanece inalterado. Si aumentamos la 
temperatura de reacción a 368 K, se observó que el complejo 26A dio lugar a una 
mezcla de las indanonas 30A y 30B (relación ~30:70 respectivamente). Esto sugiere que 
la formación del derivado indanona correspondiente al iridanaftaleno 26A no está 
favorecida aun aumentando la temperatura, pues se obtiene 30B como producto 

















































En el caso de que el sustituyente sea el grupo metoxi, en los complejos 
iridanaftaleno 27A,B, realizando el experimento en las mismas condiciones se obtiene 
una mezcla de indanonas 31A y 31B en relación ~13:87 respectivamente, así como un 
porcentaje de iridanaftaleno 27A sin reaccionar. En el caso del iridanaftaleno 27A, si 
aumentamos la temperatura a 368 K, al contrario que en el caso anterior, sólo da lugar a 
la indanona 31A (Esquema 5, ruta a) pero en un bajo rendimiento (~13%), quedando 
aún iridanaftaleno sin reaccionar, lo cual indica que la formación de dicha indanona está 
mucho menos favorecida que en el uso del complejo 26A. 
Cuando el sustituyente es un grupo metilo (28A,B) a 348 K en CCl4, se obtienen 
ambas indanonas (32A,B) en una relación ~45:55 respectivamente, aunque la formación 
de 32A es más lenta que la de 32B (Esquema 4, ruta a). Finalmente, en el caso del 
complejo 29, se obtiene la indanona 33 con un alto rendimiento tras tres días de 
reacción a 348 K en CCl4. 
Estos cuatro casos muestran que los derivados 26B–28B evolucionan en 
disolución totalmente a la indanona correspondiente 3-(4-sustituyentefenil)indan-1-ona 
como ya se comentó en el capítulo 3 mientras que los efectos electrónicos de los 
sustituyentes en posición 6 de los iridanaftalenos (complejos 26A–28A) tienen gran 
importancia en la formación de los derivados indanona. En el caso del grupo nitro, un 
grupo electroatractor, se favorece la formación de 3-(4-nitrofenil)indan-1-ona al 
estabilizar el carbanión (Esquema 5, ruta b). Por otro lado, el grupo metoxi es un 
electrodonador por resonancia, lo cual aumenta la estabilidad del iridanaftaleno 27A 
frente a la formación de indanona (Esquema 5, ruta a). Finalmente, el grupo metilo no 
tiene efecto resonante por lo que la estabilidad del iridanaftaleno decrece en favor de la 
formación del derivado indanona 6-metil-3-fenilindan-1-ona (Esquema 5, ruta a). 
Todos los complejos sintetizados a lo largo del trabajo han sido caracterizados a 
través de las técnicas habituales: Resonancia Magnética Nuclear (tanto 
monodimensional como bidimensional), Infrarrojo, Análisis elemental, Espectrometría 
de Masas y en los casos en los que ha sido posible, Difracción de Rayos X de 




En conclusión, se ha estudiado la reactividad de una serie de complejos 
(metoxi)alquenilcarbeno de iridio con aminas presentando una ruptura heterolítica del 
enlace carbono (sp3)–oxígeno y en reacciones de acoplamiento C–heteroátomo como es 
la formación de un complejo aminocarbeno. Además resultaron ser buenos productos de 
partida para la formación de complejos iridanaftalenos a través de una activación C–H 
intramolecular de uno de los sustituyentes del fragmento alquenilo. Estos complejos 
iridanaftaleno resultaron ser inestables en disolución evolucionando a derivados 
indanona vía un indenil complejo. 
 
